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Subject:

	

Source Area Investigation and Chemical Oxidation Bench Study Results
J.H. BAXTER ARLINGTON FACILITY
Docket No. RCRA-10-2001-0086

Dear Ms. Palumbo:

This letter serves as the transmittal for the Source Area Investigation and Chemical Oxidation Bench

Study Results Report for the former J.H. Baxter wood treating facility located at 6520 188 th Street NE

in Arlington, Washington. This work was conducted under the Administrative Order on Consent

(AOC) for the J.H. Baxter & Co. (Baxter) facility dated April 30, 2001.

The report provides the results of the bench scale chemical oxidation study conducted to evaluate

chemical oxidation as a potential technology in areas where soils contain residual non-aqueous phase

liquid (NAPL). The results were mixed. Chemical oxidation was capable of reducing the PCP

concentrations; however, the amount of persulfate required (23 glkg or 1,000,000 pounds of

persulfate) was significantly higher than previously estimated (3.3 g/kg or 120,000 pounds) and this

resulted in a mass removal of approximately 50%. To achieve additional removal, significant amounts

of persulfate remained unused.

We look forward to discussing these results and alternatives for moving forward next Monday.

If you have any questions, please contact me at (650) 349-0201.

Sincerely,

Georgia Baxter

Chief Executive Officer

cc:

	

Jeanne Tran, Ecology
Jamie Hillery, Stella-Jones Corp.

RueAnn Thomas, Nattura Group

1700 El Camino Real, Suite 365

	

P.O. Box 5902

	

San Mateo, CA 94402

Phone 650 349 0201

	

Fax 650 570 6878
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J. H. Baxter & Co.
P.O. Box 10797
Eugene, Oregon 97440

Attention:

	

Ms. RueAnn Thomas

Subject:

	

Source Area Investigation and Chemical Oxidation Bench Study Results
J.H. Baxter & Co., Arlington, Washington Facility

Dear Ms. Thomas:

AMEC Environment & Infrastructure, Inc. (AMEC) has prepared this Source Area Investigation and

Bench Study Results, and Chemical Oxidation Pilot Test Design (Report) for the wood treating facility

located at 6520 188th Street NE in Arlington, Washington ([Facility] Figure 1). Recent studies at the

facility have been conducted pursuant to the Administrative Order on Consent (AOC) dated April 30,

2001.

A site plan is presented in Figure 2, and the Areas of Concern are shown on Figure 3. This Report

provides additional characterization data and a pilot testing design to support in situ chemical

oxidation (ISCO) as a potential technology in the area of soils containing residual non-aqueous phase

liquid (NAPL) in soil (green areas in Figure 3), and natural attenuation as a potential technology in the

pentachlorophenol (PCP) plume, as described in the Corrective Measures Study (CMS), Revision 3

(AMEC, 2013a). The CMS was submitted to United States Environmental Protection Agency (EPA) on

April 17, 2013.

BACKGROUND AND APPROACH

The Facility is currently operated by Stella-Jones Corporation, and uses PCP as the primary wood

treatment chemical. Numerous investigations and remedial activities have been completed at the

facility since the 1990s. Comprehensive background information regarding the Facility's history and

the nature and extent of constituents of concern (COCs) in soil and groundwater are presented in the

2005 Site Investigation (SI) Report (Baxter, 2005) and the CMS (AMEC, 2013a).

The SI and earlier investigations conducted in the 1990's identified both residual NAPL and mobile

NAPL in the Main Treating Area that contributes to a PCP groundwater plume extending off-site.

AMEC Environment & Infrastructure, Inc.
7376 SW Durham Road
Portland, Oregon
USA 97224
Tell-1 (503) 639-3400
Fax+1 (503) 620-7892
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Several technologies were presented in the CMS (AMEC, 2013a) to reduce COC concentration and

mass in the areas of residual and mobile NAPL in the Main Treating Area ("source areas"). Chemical

oxidation was selected in the CMS as a component of the preferred alternative, pending the collection

of additional facility-specific data and pilot testing.

To assess the effectiveness of the chemical oxidation technology at the Facility, a series of tasks were

proposed in the Revised Source Area Investigation and Chemical Oxidation Pilot Test Work Plan

(AMEC, 2013b).

The proposed tasks included the following:

• Task I - Collect Source Area Soil Data. Collect additional soil data from the NAPL-affected

source area by advancing four boreholes and collection of up to six representative soil

samples for laboratory analysis. The boreholes were intended to provide additional data within
the source area to characterize geology, assess vertical COC distribution, and to provide

material for bench studies.

• Task 2 - Collect Source Area Groundwater Data. Collect additional groundwater data from

existing wells in and near the source areas to determine the chemical, geochemical, and

biological parameters and the likelihood/potential for the use of monitored natural attenuation
(MNA) or biological amendment to support plume degradation. Additional groundwater from

these wells will be collected for bench studies.

• Task 3 - Bench Testing of Source Area Soil. Conduct bench testing of soil and groundwater

material from the source areas to assess selection of oxidants and determine oxidant demand.

• Task 4 - Evaluation of Bench Scale Data and Design of Pilot Test. Compile and evaluate

data from the supplemental soil and groundwater sampling in the source areas, as well as the
bench tests. Information summarized in this evaluation will be used to design the pilot test to

be implemented at the Facility, if warranted.

All work was completed in accordance with industry standard practices, and in accordance with a

Facility-Specific Health and Safety Plan. Drilling, sampling, and laboratory analysis activities for both

soil and groundwater were conducted in accordance with the existing Sampling Analysis Data

Management Plan (SADMP) included as part of the 2002 Site Investigation Work Plan, Revision 2

(Baxter, 2002) including the collection and analysis of field duplicates and equipment rinsate blanks

for quality assurance as specified in the SADMP.

TASK 1 - SOIL BORINGS IN SOURCE AREA

Four borings were completed within the source area in September 2013 (Figure 4). The borings

extended to below the depth of residual NAPL, or approximately 40 feet below ground surface (bgs).

AMEC Environment & Infrastructure, Inc.
Project No.: 4-61 M-125612.01.2
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The locations of the borings represent locations with varying thickness of residual and mobile NAPL

areas with wood debris, and areas with known mobile NAPL as follows:

▪ Soil Boring SB-A: This borehole is located in the northern lobe and represents an area

where wood waste has been documented previously, and is adjacent to MW-12 where mobile

NAPL has been historically present.

▪ Soil Boring SB-B: This borehole is located in the area with the greatest thickness of residual

NAPL in the northern lobe.

Soil Boring SB-C: This borehole is located in the southern lobe of residual NAPL, and, based

on previous borehole logs, contains a residual NAPL over an approximate 10 foot area. This

location will provide soil material that is relatively free of residual NAPL so that background

oxidant demand can be calculated.

Soil Boring SB-D: This borehole is located in the area with the greatest thickness of residual

NAPL in the southern lobe.

Each boring in the Source Area was advanced using rotosonic drilling technology to maximize soil

recovery. A soil core was retrieved from the entire length of each boring, and inspected by a geologist

for soil types, lithology, obvious signs of contamination (using visual, olfactory, and vapor monitoring

methods), presencelabsence of water or NAPL, and presence of debris or non-soil matter (Baxter,

2002 - SADMP Section B2). Representative grab samples were obtained from the soil borings and

retained for laboratory analysis and bench testing as summarized on Table la. A flow chart illustrating

the decision process for selection of soil samples for laboratory analysis and bench testing is provided

as Figure 5.

FIELD OBSERVATIONS

Boring logs are presented in Attachment A. The boring logs and analytical results reveal the following

about the putative source areas:

1. Soil types encountered include aggregate gravel base near the surface, near surface wood

debris at SB-A and SB-B, and fine to coarse sand and gravel at depth.

2. Vadose zone soils were moist in all four boreholes. Saturated conditions (wet) were observed

at depths between 29.5 feet bgs and 33 feet bgs.

3. At SB-A and SB-B, odor and volatiles are first detected in the wood debris starting at 6 and 3.5

feet bgs, respectively, and in sand at 3.5 feet bgs in SB-C. Odor and volatiles were first

observed in SB-D in sand at a depth of 26.5 feet bgs.

AMEC Environment & Infrastructure, Inc.
December 23, 2014
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4. Free NAPL and/or NAPL droplets were visible in the soil described as wet in each boring. A

sheen and/or NAPL droplets was observed at shallower locations in the vadose zone at each

location.

ANALYTICAL RESULTS

The soil analysis results for PCP, total petroleum hydrocarbons (TPH) as diesel range organics (DRO)

or residual range organics (RRO), and geochemical and biological parameters are presented in Table

2, and soil metals in Table 3. The laboratory reports are in Attachment B. Analytical results are

summarized below, and explained in detail later in this document.

1. The petroleum hydrocarbon chromatograms appear to represent a heavily degraded product,

missing the alkanes and other low molecular weight constituents typically found in a diesel or

fuel oil.

2. The soils within SB-A were sampled and analyzed at four discrete depth intervals. Diesel and

residual organic component concentrations increased with depth to 30 to 33 feet bgs, then

decreased at 40 to 41 feet bgs. Pentachlorophenol concentrations were highest at 24 to 27

feet bgs.

3. Within SB-C soil at 30 to 33 feet bgs petroleum hydrocarbons are present at low

concentrations, but PCP is present at an elevated concentration.

4. At SB-D, petroleum hydrocarbons are present in soil at an elevated concentration at 30 to 33

feet bgs. Pentachlorophenol was detected at 530,000 micrograms per kilogram (pg/kg) at 30

to 33 feet bgs, the highest level observed during this investigation.

5. Data from the boreholes indicate that the soil is deficient in the levels of the nutrients nitrogen

and phosphorus needed to degrade the total organic carbon present (when compared to a

generic nutrient demand of 100 parts carbon to 10 parts nitrogen to 1 part phosphorus).

6. Petroleum hydrocarbon degrading bacteria are largely absent from the soil examined.

7. Desulfitobacterium species are present at elevated populations in the soils at 24 to 27 feet bgs

at SB-A.

8. The PCP regulator gene expression is high in the soils at SB-A, and at SB-D.

9. The PCP-4-monoxygenase gene expression is elevated at 16 to19 feet bgs in SB-A, and at 30

to 33 feet bgs at SB-D.

The presence of microbial species known to degrade PCP, and of bacterial genes indicating microbial

populations having PCP degradation enzyme pathways, are further discussed below in the section

titled Interpretation of CENSUS Results for Soil and Groundwater.

AMEC Environment & Infrastructure, Inc.
Project No.: 4-61M-125612.01.2
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TASK 2 - GROUNDWATER MONITORING FOR CONSTITUENT FATE ASSESSMENT

Groundwater at five existing Facility wells were sampled for analysis of a variety of chemical,

geochemical, and biological parameters (Table 1b). The well locations were selected to obtain data

from upgradient of the plume, from within and near the source area, and from downgradient plume

locations to provide information regarding the chemical, geochemical, and biological changes in

groundwater quality along the plume vector. All sample collection and laboratory analysis was

conducted in accordance with the SADMP (Baxter, 2002 - Section B2 and B3) using submersible

pumps and appropriate water quality monitoring equipment. Purge water from the sampling activities

was containerized, and then recycled in the existing remediation system.

Groundwater samples were collected from five locations as follows (Figure 6):

▪ MW-11 (upgradient well)

• MW-12 (source area well)

• MW-32 (near-source area well)

• MW-36 (mid-plume well)

• MW-41 (downgradient plume well)

Microbial Insights (Knoxville, Tennessee) provided Bio-Trap® samplers used to collect microbes in

the groundwater at monitoring wells MW-12, MW-36, and MW-41. The Bio-Trap® samplers were

hung from tethers within the groundwater column of each monitoring well on September 19, 2013, and

were retrieved from the wells on December 2, 2013. The Bio-Trap® sampling matrix, Bio-Sep®

beads, are 2 to 4 millimeters (mm) in diameter and are an engineered composite of Nomex® and

powdered activated carbon (PAC). When a Bio-Trap® sampler is deployed in a monitoring well, the

Bio-Sep® beads absorb contaminants and nutrients present in the aquifer essentially becoming an in

situ microcosm with an incredibly large surface area (approximately 600 cubic milligrams per gram

[m 21g]) which is readily colonized by subsurface microorganisms. Microbial Insights extracts

deoxyribonucleic acid (DNA) from the beads for CENSUS® assays to evaluate the microbial

community, and data is reported as cells per bead.

The key analytical results and field parameters for the groundwater samples are summarized on -

Table 4. Chlorophenol, metals, and dissolved gas results are reported on Table 5.

The groundwater analysis indicates the following:

1. Upgradient conditions (MW-11) are oxic, and the groundwater is deficient in the levels of the

nutrients nitrogen and phosphorus needed to degrade the total organic carbon present (when

AMEC Environment & Infrastructure, Inc.
December 23, 2014 Project No.: 4-61M-125612.01.2
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compared to a generic nutrient demand of 100 parts carbon to 10 parts nitrogen to 1 part

phosphorus).

2. Source area conditions (MW-12) are anoxic, poised at a redox potential that supports iron

reduction to ferrous iron, but not sulfate reduction to sulfide. Tetrachlorophenol and

2,4,5-trichlorophenol are present at relatively low concentrations, likely a sign of dechlorination

occurring in the source area. Bacteria that degrade diesel-range hydrocarbons are not

detected. The genes indicative of the anaerobic bacteria known to reductively degrade PCP

(Dehalococcoides, and Desulfitobacterium spp.) are not detected, which is not surprising given

these bacteria require more strongly anaerobic conditions than occur in the groundwater. The

PCP regulator gene is present, and the two other genes associated with oxidative degradation

of PCP (Maleylacetate Reductase and PCP-4-Monooxygenase) are present, showing that the

site groundwater may be able to support aerobic degradation of PCP.

3. The petroleum hydrocarbon chromatogram for the groundwater sample from MW-12 appears

to represent a heavily degraded product, missing many of the alkanes and other low molecular

weight constituents typically found in a diesel or fuel oil.

4. Just downgradient of the source area (MW-32) conditions appear to be less reducing, as

evidenced by elevated ORP and lack of ferrous iron. Bacteria that degrade diesel-range

hydrocarbons are clearly present, and diesel concentrations in groundwater are clearly

diminished. Chloride is elevated, possibly a sign of PCP degradation.

5. Down plume conditions (MW-36 and MW-41) are increasingly oxidizing (as measured by

ORP). Bacteria that degrade diesel-range hydrocarbons are not present, probably due to the

low levels of diesel available in the groundwater at these locations. Chloride is elevated,

possibly a sign of PCP degradation. The PCP-related aerobic biodegradation genes are

present at elevated levels, and there is a decrease in groundwater PCP concentration

between MW-36 and MW-41, consistent with active aerobic biodegradation of PCP.

Overall, the bacteria with the capability to biodegrade diesel range hydrocarbons are present in the

area just downgradient of the plume, and bacteria with the genetic markers appropriate for aerobic

PCP degradation are more concentrated at downgradient plume locations. The decrease in PCP

concentrations in groundwater between MW-36 and MW-41 provides additional evidence for active

aerobic biodegradation of PCP.

INTERPRETATION OF CENSUS RESULTS FOR SOIL AND GROUNDWATER

The presence of specific microbial genetic material can serve as a marker for potential biological

activity. The CENSUS analysis for this project involved assessing the presence of DNA indicators of

aerobic biodegradation enzyme genes (genes for PCP regulator, PCP-4-monooxygenase and

AMEC Environment & Infrastructure, Inc.
Project No.: 4-61M-125612.01 2
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maleylacetate reductase), and genomes of known anaerobic or anoxic PCP biodegraders

(Dehalococoicides, and Desulfitobacterium spp.). Microbial Insights suggests that 10,000 to 100,000

cells/bead in groundwater, or cells per gram in soil would be a mid-range concentration of cells with

the genetic potential to support PCP biodegradation, and that less than 1,000 cells/ per bead or gram

of soil would be in the lower range of concentration.

INDICATORS OF AEROBIC BIODEGRADATION POTENTIAL

Under aerobic conditions, some bacteria can utilize PCP as a sole source of carbon and energy (Cai

and Xun 2002). Typically, the PCP regulator gene (pcpR) controls the expression of genes encoding

for the enzymes PCP-4-monooxygenase (pcpB) and maleylacetate reductase (pcpE), among others.

Research has shown that genes which encode for the above mentioned enzymes are expressed in

the presence of PCP. These genes are more fully activated under aerobic conditions, but it has been

shown that aerobic oxygenase genes can retain some activity under low oxygen conditions, poised to

respond rapidly to any influx in oxygen.

The initial step in PCP biodegradation under aerobic conditions involves actions mediated by PCP-4-

monooxygenase, followed by a later step involving the maleylacetate reductase gene (Cai and Xun

2002). The literature suggests that the rate-limiting step in aerobic PCP biodegradation occurs when

PCP-4-monooxygenase enzyme oxidizes PCP to form 2,3,5,6-tetrachlorohydroquinone.

The PCP regulator, PCP-4-monooxygenase and maleylacetate reductase genes are detected in each

groundwater sample tested. The highest levels of PCP regulator gene occurred at MW-12 (30,500

cells per bead) in the source area, whereas the highest levels of the PCP-4-monooxygenase and

maleylacetate reductase genes were detected at MW-36, farther downgradient in the more aerobic

area of the plume.

In soil, the PCP regulator gene is present at a higher range (as high as 1.24E07 cells per gram in

vadose zone soil at SB-A: 16-19, and 1.61 E06 cells per gram in saturated soil at SB-D: 30-33) in each

sample tested. The PCP-4-monooxygenase gene is detected in soils SB-A: 16-19 and SB-D: 30-33.

The maleylacetate reductase genes were not detected in soil.

INDICATORS OF ANAEROBIC BIODEGRADATION POTENTIAL

In the soil samples, the Desulfitobacterium are present at levels of up to 6.98E06 in soil at SB-A, but

are not detected in the soil sample from SB-D: 30-33, or in any of the groundwater samples (Tables 2

and 4). The Dehalococoicides were not detected in either the soil or the groundwater samples tested.

Strains of the anaerobes Desulfitobacterium are capable of reductive dechlorination of PCP and other

chlorinated phenols, using the chlorophenols as electron acceptors (Villemur 2013).

AMEC Environment & Infrastructure, Inc.
December 23, 2014
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Desulfitobacterium strain PCP-1 is known to dechlorinate PCP to 3-chlorophenol but other

Desulfitobacterium species are only capable of ortho-dechlorination (Villemur 2013).

The Desulfitobacterium values decrease with depth in the soil column at SB-A. The samples with the

highest values are in unsaturated soils containing product sheen and droplets (see intervals SB-A:

16-19 and SB-A: 24-27 in boring log in Attachment A). The sample collected at SB-A: 30-33 was from

below the water table, and free product is visible, but the bacterial values are lower here.

Groundwater at nearby monitoring well MW-12 is only slightly anaerobic (sulfate is present, see Table

4), suggesting that conditions within the groundwater are not optimally anaerobic for the

Desulfitobacterium growth. However, the groundwater at MW-12 does contain low levels of

tetrachlorophenols and 2,4,5-trichlorophenol, suggesting that some reductive dechlorination of PCP

may be occurring (Table 5).

TASK 3 - BENCH STUDY FOR IN SITU CHEMICAL OXIDATION

As discussed in the CMS (AMEC, 2013), Chemical Oxidation and Enhanced Biodegradation

Recirculation was selected as a component of the preferred alternative, subject to additional

characterization and pilot testing. The oxidants persulfate and permanganate were assessed in a

bench study of site soil and groundwater completed by Ursus Remediation Testing & Technologies,

LLC (Ursus) of Mt. Horeb, Wisconsin. The bench study assessed the total oxidant demand (TOD), the

effectiveness of site soil and groundwater treatment with persulfate and permanganate, and dosing

guidance for in situ applications. The details of the bench testing program are presented in the Ursus

report (2014) (see Attachment C).

Six soil samples were collected during Task 1, and were then submitted to Ursus (Table 6). Soil

samples were collected in wide mouth glass soil jars with no headspace. Approximately 5 liters of

groundwater was collected from monitoring well MW-12 in wide mouth glass bottles with no

headspace. All samples were placed in coolers with ice, and handled under chain of custody in

accordance with the SADMP (Section B3).

TOTAL OXIDANT DEMAND TESTING

Each of the six soil samples underwent TOD testing. Groundwater from monitoring well MW-12 was

used in the making of test slurries with each of the soil samples. The TOD testing entailed addition of

either alkaline activated sodium persulfate, or sodium permanganate to the soil slurry at three

dosages. Then, residual oxidant measurements were made on the slurries approximately 48 and 96

hours post treatment. Subtraction of the residual oxidant concentration from the known starting

oxidant concentration yields TOD. TOD results show that SB-A: 10-11 and SB-C: 20-21 had the

greatest persulfate TOD (greater than 10.0 glkg) while the other samples showed lesser TOD -

ranging from 0.9 to 4.5 g/kg at 96 hours. Each of the samples had a permanganate TOD greater than

c

Project No.: 4-61M-125612.01.2
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10 glkg at 96 hours. TOD testing showed all of the permanganate was utilized within 96 hours.

Persulfate testing showed either all persulfate was utilized or an increasing demand from 48 to 96

hours. Both cases suggest the oxidant demand was not met for all samples.

The TOD testing suggested that oxidant demand was higher than initial estimates. Therefore, to better

estimate the oxidant demand, a persulfate stoichiometric calculation was performed prior to the

effectiveness testing using the diesel-range organic (DRO), residual-range organic (RRO), and PCP

concentrations known for the soil samples. An initial assumption was made that the DRO, RRO, and

PCP would be equally susceptible to oxidation, and that achieving 50% degradation of PCP would be

adequate to affirm oxidant feasibility. On this basis, the stoichiometric demand was initially estimated

at 350 grams of sodium persulfate per kilogram of soil SB-A: 24-27, and 92 g of sodium persulfate per

kilogram of soil SB-D: 30-33.

EFFECTIVENESS TESTING -1 ST ROUND FROM NOVEMBER 18, 2013 TO FEBRUARY 28, 2014

Following TOD analysis, two soil samples, SB-A: 24-27 (representing highly PCP-affected

unsaturated soil) and SB-D: 30-33 (representing highly PCP-affected saturated soil) were selected for

effectiveness testing. Information from TOD testing, and estimates of the expected oxidant demand

due to the diesel mass present were used to set the dosage levels for effectiveness testing.

Soil/groundwater slurry samples were treated under four conditions:

1. base activated sodium persulfate

2. iron activated sodium persulfate

3. hydrogen peroxide activated sodium persulfate

4. sodium permanganate

Multiple oxidant applications were applied over a 78 day period to meet the estimated stoichiometric

oxidant demand. The testing design is discussed in detail in Ursus 2014. Summaries of the date are

presented in Tables 7 and 8.

Control and treated samples were allowed to react for 102 days. Ursus measured secondary

parameters in the liquid phase of treatment samples, including residual persulfate or permanganate,

and pH, at days 22, 49, 78 and 102. Selected metals (arsenic, chromium, copper, lead) were

measured in the liquid phase of treatment samples on days 49 and 102. Reactor sets underwent total

extraction on day 49 and on day 102, and the total mass of PCP and DRO present in soil and water

was analyzed from the extract.

AMEC Environment & Infrastructure, inc.
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Results of 1st Round of Effectiveness Testing
Reduction of PCP concentrations in treated samples in comparison to controls was observed under all

chemistry conditions by day 49 during Round 1 testing. Significant lowering of PCP concentration (in

excess of 90%) was observed with all activated persulfate chemistries and with permanganate in the

sample SB-A: 24-27. Alkaline persulfate doses of 46 mg/kg and 92 mg/kg were present in sample SB-

A: 24-27. In sample SB-D: 30-33, alkaline persulfate doses of 87.5 mg/kg and 175 mg/kg removed

approximately 97% of the PCP, with other treatment chemistries removing between 21% and 75% of

the PCP.

No significant reduction in DRO concentration was observed in the treated samples. Residual oxidant

remained at elevated levels in the treated samples.

Treatment by alkaline persulfate did appear to make the metals arsenic and total chromium more

available to extraction, whereas, copper and lead availability remained largely unchanged. Under the

other test conditions, chromium and copper availability increased, whereas arsenic and lead

availability remained largely unchanged.

Thus, the major conclusions of Round 1 of effectiveness testing are:

1. The PCP is more susceptible to oxidation than the DRO.

2. High rates of PCP removal are more readily achieved with alkaline persulfate treatment than

with other treatment chemistries.

3. Residual oxidant remained at elevated levels in the treated samples, indicating that an excess

of oxidant was used, and that lower oxidant doses could be used, thus improving treatment

cost effectiveness.

Round 1 testing showed alkaline activated persulfate to be more effective in reducing PCP

concentrations than peroxide activated persulfate, iron activated persulfate, or permanganate. Round

1 testing found alkaline activated persulfate significantly reduced PCP concentrations within 49 days,

using a persulfate dose as low as 46 glkg.

As discussed earlier, a main assumption had been that DRO, RRO, and PCP would be equally

susceptible to oxidation, thus leading to a high estimated stoichiometric oxidant demand. Round 1 of

effectiveness testing showed that PCP under alkaline conditions is more susceptible to oxidation than

the DRO, and that much lower oxidant doses than those initially tested in Round 1 would likely bring

about a 50% reduction in PCP concentration. Thus a second round of effectiveness testing was

proposed using lower doses of alkaline persulfate.

AMEC Environment & Infrastructure, Inc.
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EFFECTIVENESS TESTING - 2N° ROUND FROM JUNE 26 TO AUGUST 14, 2014

The goals of Round 2 testing were:

1. To establish whether doses of alkaline persulfate lower than 46 glkg would remove significant

amounts of PCP.

2. To establish whether less waste of persulfate would occur, as evidenced by lower residual

oxidant values.

Round 2 testing was conducted with alkaline activated persulfate at doses of 8 glkg, 16 glkg, and

23 glkg, which were allowed to react for 49 days in samples SB-A: 24-27 and SB-D: 30-33. During

Round 2, the PCP concentration was lowered between 42% and 57% in treated samples of SB-A:

24-27. The persulfate doses of 8 glkg, 16 glkg, and 23 g/kg performed to nearly equal extents at

removing PCP from sample SB-A: 24-27. The PCP concentration was lowered between 0% and 69%

in treated samples of SB-D: 30-33. The persulfate dose of 23 g/kg removed between 55% and 69% of

the PCP from sample SB-A: 24-27. Only low reductions in DRO concentrations was observed in either

SB-A: 24-27 or SB-D: 30-33 at the dosages tested in Round 2. Summaries of the date are presented

in Tables 7 and 8, and on Figure 7.

Round 2 testing found alkaline activated persulfate significantly reduced PCP concentrations within 49

days at a dose of 23 glkg in both samples SB-A: 24-27 and SB-D: 30-33, and at doses lower than 23

g/kg in sample SB-A: 24-27 (Figure 7). Little or no residual oxidant remained at the end of the Round

2 tests, indicating efficient usage of the persulfate (Figure 7).

The bench effectiveness testing establishes that significant removal of PCP can occur at a

concentration of alkaline activated persulfate of 23 glkg, or lower in some cases. Less wasted, unused

persulfate remains at the end of 49 days when using the 23 glkg dose than when using higher

persulfate doses. A persulfate concentration of 23 glkg should be used in designing, and estimating

costs for a pilot study.

DEVIATIONS FROM THE WORK PLAN

The following deviations from the ISCO bench test portion of the Revised Source Area Investigation

and Chemical Oxidation Pilot Test Work Plan (AMEC 2013b) are noted:

Page 7 of the work plan suggested that the water fraction would be separated from the soil

fraction and the respective fractions will be analyzed. During the bench study, the soil and

groundwater slurry underwent total extraction, and the total PCP and TPH-D in the reactors

was measured.

AMEC Environment & Infrastructure, Inc.
December 23, 2014 Project No.: 4-61M-125612.01.2
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Page 7 of the work plan suggested that soil and groundwater samples and/or data would be

provided to vendors for independent assessment (i.e., Regenesis, FMC/Adventus) (see page

7 of the work plan). The soil and groundwater samples and/or data have not yet been shared

with vendors.

CONCLUSIONS

AMEC advanced exploratory soil borings in the source area; collected soil and groundwater samples

for chemical, geochemical, and biological evaluation; and designed and implemented bench

treatability studies to assess the feasibility of soil and groundwater treatment by in situ chemical

oxidation.

The exploratory soil borings indicate elevated levels of PCP, and the widespread presence of

highly weathered petroleum hydrocarbons.

• The soil contains microorganisms that appear to be suitable for biodegradation of PCP,

petroleum hydrocarbon degrading bacteria are largely absent, and nutrient levels do not
appear adequate to support petroleum hydrocarbon biodegradation.

• The groundwater in the source area is anoxic, but not strongly anaerobic. Bacteria that
degrade diesel-range hydrocarbons, and genes indicative of the anaerobic bacteria known to
reductively degrade PCP (Dehalococcoides, and Desulfitobacterium spp.) are not detected,

although low levels of PCP reductive dechlorination products are detected. The genes
indicative of aerobic PCP-degrading microorganisms are present.

• The groundwater at mid plume location MW-32 is more aerobic, and contains petroleum

hydrocarbon degrading bacteria. The groundwater at down plume locations MW-36 and
MW-41 is relatively aerobic, the PCP-related aerobic biodegradation genes are present, and
there is a decrease in PCP concentrations in groundwater between MW-36 and MW-41. Thus,

use of enhanced natural attenuation of PCP represents a possible effective remedial

alternative.

^• The bench testing demonstrates that alkaline persulfate is a more effective oxidant system for

PCP removal from soil and groundwater in the source area. The bench testing results also

indicate that PCP is oxidized preferentially over the petroleum hydrocarbons under the alkaline

conditions tested.

▪ The bench effectiveness testing establishes that significant removal of PCP can occur at an

alkaline activated persulfate concentration of 23 g/kg, or lower in some cases. Thus, a

persulfate concentration of 23 g/kg should be used in designing, and estimating costs for, a

pilot study.
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LIMITATIONS

This report was prepared exclusively for J.H. Baxter & Co. by AMEC Environment & Infrastructure,

Inc. The quality of information, conclusions, and estimates contained herein is consistent with the

level of effort involved in AMEC services and based on: i) information available at the time of

preparation, ii) data supplied by outside sources, and iii) the assumptions, conditions, and

qualifications set forth in this report. This Source Investigation and Chemical Oxidation Bench Study

Results is intended to be used by J.H. Baxter & Co. for Arlington, Washington Facility only, subject to

the terms and conditions of its contract with AMEC. Any other use of, or reliance on, this report by any

third party is at that party's sole risk.

If you have any additional questions or comments, please do not hesitate to contact Steve Barnett at

(503) 639-3400.

AMEC Environment & Infrastructure, Inc.

	

Reviewed By:

Jack Spadaro, PhD, CHMM

	

J. Stephen Barnett, LG

Associate Scientist

	

Senior Associate
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Attachments: Table 1 a - Soil Sample Laboratory Method Summary
Table 1 b - Groundwater Sample Laboratory Method Summary
Table 2 - Soil Chemical, Geochemical, and Biological Data Summary
Table 3 - Soil Metals Results
Table 4 - Groundwater Chemical, Geochemical, and Biological Data Summary
Table 5 - Groundwater Chlorophenol, Metals, and Dissolved Gas Data
Table 6 - Soil Samples Submitted for Oxidant Bench Testing
Table 7 - Summary of Bench Oxidation Effectiveness Testing at Day 49
Table 8 - Summary of All Bench Oxidation Effectiveness Testing Data

Figure 1 - Site Vicinity Map
Figure 2 - Site Plan and Groundwater Monitoring Network
Figure 3 - Areas of Concern
Figure 4 - Borehole Soil Sampling Locations and Results - September 2013
Figure 5 - Soil Sampling Guide
Figure 6 - Summary of Groundwater PCP, DRO and Biological Monitoring Results -

September I December 2013
Figure 7 - Pentachlorophenol Oxidized and Persulfate Residual at Day 49

Attachment A - Boring Logs

	

--
Attachment B - Soil and Groundwater Laboratory Analytical Reports
Attachment C - Ursus Bench Treatability Study Report
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TABLES 1a AND lb
Soil and Groundwater Sample Laboratory Method Summary

Former J.H. Baxter Co. Wood Treating Facility
Arlington, Washington

Table Ia
Soil Sample Laboratory Method Summary

Method 8151M
NWTPH-

DX 353.2 9056 6010B 2320B ASTM
D4129

4500NH3E 365.3 9045 160 .3 ASTM
D422

HDB CENSUS Ursus Bench Ursus Bench

Station
ID

Sample
ID

Sample
Date

Sample
Type

Matrix
Penta-
chloro•
phenol

Diesel and
Residual

Oil

Nitrate/
Nitrite

Sulfate/
Chloride Metals

Total
Alkalinity

Total
Organic
Carbon

Ammonia
as

Nitrogen

Ortho•
phosphate

pH

Total
Solids
Percent
Solids

Grain Size

Hydro-
carbon

Degrading
Bacteria

DNAI RNA
Total Oxidant

Demand

ISCO
Effectiveness

Test
SB-A SB-A:10-11 9/2112013 N SO X
SB-A SB-A:16-19 9/2112013 N SO X X X X X X X X X X X X X X X
SB-A SB-A:24-27 9/2112013 N SO X X X X X X X X X X X X X X X X
SB-A SB-A:30-33 912112013 N SO X X X X X X X X X X X X X X X
SB-A SB-A:40-41 9/2112013

J

N SO X X X X X X X X
_

X X X X X
SB-A SB-E:30-33 9/2112013 FD SO X X X

__

SB-C SB-C:20-21 9/21/2013 N SO X
SB-C SB-C:30-33 9/21/2013 N SO X X X X X X X X X X X X X
SB-D SB-D:30-33 9/2112013 N SO X X X X X X X X X X X X X X X X

Table lb
Groundwater Sample Laboratory Method Summary

Method 8151 M
NWTPH

DX 300 60106 9030 RSK 175 2320B 415.1 4500NH3E 4500PE
FIELD

PARAM HDB CENSUS Ursus Bench Ursus Bench

Location
Sample

ID
Sample

Date
Sample

Type
Matrix

Chlorinated
Phenols

Diesel and
Residual

Oil

Nitrate/
Nitrite/
Sulfate

Metals Total
Sulfide

Methane/
Ethane/
Ethane

Total
Alkalinity

Total
Organic
Carbon

Ammonia
as

Nitrogen

Ortho-
phosphate

Field

Hydro-
carbon

Degrading
Bacteria

DNAI RNA
Total

Oxidant
Demand

ISCO
Effectiveness

Test
MW-11 MW-11_20130919 9/19/2013 N GW X_ X X X X X X X X X X X ^
MW-12 MW-12_20130921 9/2112013 N GW X X X X X X X X X X

_
X X X X

MW-32 MW-32 20130919 9/1912013 N GW X X X X X X X X X X X X
MW-32 MW-44_20130919 911912013 FD GW X X X X X X X

_
X

_
X X X

_ _

MW-36 MW-36 20130919 9119/2013 N GW X X X X X X X X X X X X
_

MW-41 MW-41 20130919 9119/2013 N GW X X X X X X X X X X X X
MW-45 MW-45_20130919 911912013 EB GW X X X X X X X X X X X
MW-12 MW-12-BT 121212013 N BT x
MW-36 MW-36-BT 1212/2013 N BT X
MW-41 MW-41-BT 1212/2013 N BT X

Notes:
BT = Biotrap placed within groundwater well
EB = Equipment blank
FD = Field duplicate
GW = Groundwater
ISCO = In situ chemical oxidation
N = Normal samples
SO = Soil

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 2

Soil Chemical, Geochemical, and Biological Data Summary

Former J.H. Baxter Co. Wood Treating Facility

Arlington, Washington

Station
ID

Sample
ID

Sample
Date

Depth
(ft bgs)
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o
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ro
L
a
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a.
0
t
t
0
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o.

u)

0

as

0
1-

pg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg MPN/g cells/g cells/g cells/g cells/g cells/g percent mg/kg mg/kg

pH

units percent

SB-A SB-A:16-19 9/2112013 16-19 1,100 3,000 170 0.52 U 0.17 J 0.12 J 229 17,100 3.7 U 83.0 3.7 U 9.4 U 1,000 U 6,980,000 2,000 U 12,400,000 640,000 0.274 1.41 0.34 7.17 95.7

SB-A BB-A:24-27 912112013 24-27 110,000 13,000 660 0.10 J 0.18 J 0.08 J 255 21,100 1.3 J 80.1 1.8 J 9.6 U 1,000 U 3,640,000 2,000 U 144,000 2000 U 0.533 0.56 0.20 7.09 94.1

SB-A SB-A:30-33 9/21/2013 30-33 15,000 22,000 1,200 J 0.27 J 0.33 J 0.06 J 241 21,300 2.4 J 626 1.3 J 10 U 1,000 U 250 2,000 U 327,000 2000 U 0.946

_

2.01 0.19 6.94 87.7

SB-A SB-A:40-41 9/21/2013 40-41 1,600 7.5 J 10 J 0.12 J 0.15 J 0.03 J 305 22,600 2.3 J 530 1.4 J 12 NT NT NT NT NT 0.099 1.64 0.69 7.06 77.7

SB-C SB-C:30-33 9/21/2013 30-33 3,000 220 38 J 0.11 J 0.11 J 0.29 U 325 21,200 5.6 601 9.5 10 U NT NT NT NT NT 0.162 1.02 0.91 7.24 87.2

SB-D BB-D:30-33 9/21/2013 30-33 530,000 20,000 1,500 0.10 J 0.14 J 0.04 J 264 20,100 3.7 J 201 5.3 U 12 U 1,000 U 2,000 U 2,000 U 1,610,000 78,400 0.982 0.40 0.15 6.87 73.1

Notes:

BOLD = detection

Results not validated

cells/g = cells per gram

NT = not tested

mg/kg = milligrams per kilogram

MPN/g = most probable number of cells per gram

pH units = standard unit

pg/kg = micrograms per kilogram

Data reported to reporting detection limit

U = not detected at or above the stated level

J = estimated result

I

J
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TABLE 3
Soil Metals Results

Former J.H. Baxter Co. Wood Treating Facility
Arlington, Washington

Station Sample Sample Depth
E

E

E
.01

d
w

ID ID Date (ft bgs) E

a C)

mg/kg mglkg mg/kg mg/kg mg/kg
SB-A SB-A:16-19 912112013 16-19 10,900 3,130 17,100 7,690 229
SB-A SB-A:24-27 912112013 24-27 12,600 3,120 21,100 10,600 255
SB-A SB-A:30-33 912112013 30-33 13,900 2,620 21,300 9,220 241
SB-A SB-A:40-41 9/21/2013 40-41 _14,900 3,180 22,600 9,200 305
SB-C SB-C:30-33 9/21/2013 30-33 13,000 2,960

__
21,200 8,480 325

SB-D SB-D:30-33 9/21/2013 30-33 13,000 2,420 20,100 8,810 264

Notes:

BOLD = detection

Results not validated

ft bgs = feet below ground surface

mglkg = milligrams per kilogram

Data reported to reporting detection limit

U = not detected at or above the stated level

J = estimated result

L

rL

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 4
Groundwater Chemical, Geochemical, and Biological Data Summary

Former J.H. Baxter Co. Wood Treating Facility
Arlington, Washington
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E
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m a d K 0 N_ ati o d 3 0
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d 0 r

.0
T m v d U N U o E

E
O I 0

00• K 0o 0 Z Z = _ u vl _ t- U I CO O b IL d F Q 0 {7 1- N

pg1L pg1L pg1L mV mglL mg/L mg/L pg/L pglL mg/L mg/L mg/L KA_ mg/L mg/L
M PNI

100mL
cells!
bead

cells!
bead

cells/
bead

cells!
bead

cells/
bead mg/L mg/L mg/L deg C

pH
units mslcm

MW-11 MW-11_20130919 9/19/2013 N 0.50 U 260 U 520 U 255.7 3.15 0.21 0.10 U _

	

5.3 136 0.0 U 4.35 0.10 U 1.3 73.7 2.64 900 U NT NT NT NT NT 1.12 0.035 J 0.050 U 12.8 6.32 0.155
MW-12 MW-12_201 30921 9/2112013 N 360 82,000 4,100 -33.0 0.71 0.10 U 0.10 U 1,720 2,920 3.0 7.35 0.10 U 28 89.4 2.97 900 U 25 U 250 U 30,500 1,870 795 3.46 0.152 0.050 U 12.8 5.66 0.200
MW-32 MW-32_20130919 9/19/2013 N 640 390 37 J 200.4 0.35 0.36 0.03 J 25.0 913 0.0 U 8.53 0.10 U 1.3 56.2 6.54 13,500 NT NT NT NT NT 1.41 0.044 J 0.050 U 11.6 5.87 0.147
MW-32 MW-44_20130919 9/19/2013 FD 730 390 33 J NT NT 0.37 0.03 J 9.0 235 NT 8.60 0.10 U 1.3 56.3 6.62 3,900 NT NT NT NT NT 1.35 0.037 J 0.050 U NT NT NT
MW-36 MW-36_20130919 9/19/2013 N 1,300 79 J 520 U 212.9 0.24 0.12 0.10 U 626 20.0 U NT 12.1 0.10 U 1.3 143 8.12 900 U 25 U 250 U 16,400 7,710 6,440 2.38 0.013 J 0.050 U 12.0 6.23 0.314
MW-41 MW-41_20130919 9/19/2013 N 370 200 J 28 J 245.0 0.18 0.14 0.10 U 68.9 20.0 U 0.0 U 14.2 0.10 U 15 65.2 7.01 900 U 25 U 250 U 14,600 3,070 1,890 1.53 0.036 J 0.050 U 11.6 5.78 0.173
MW-45 MW-45_20130919 9/19/2013 EB 0.93 260 U 520 U NT NT 0.10 U 0.10 U 0.10 J 20.0 U NT 0.20 U ,0.10 U 1.3 3.2 0.40 U 2,000 NT NT NT NT NT 0.50 U 0.100 0.050 U NT NT NT

Notes:
BOLD = detection
Results not validated
Data reported to reporting detection limit
cells/bead = cells per bead
deg C = celsius
EB = equipment blank
FD = field duplicate
mg/L = milligrams per liter
MPN1100 mL = Most probable number of cells per 100 mL of solution
ms/cm = milli-Siemens per centimeter
N = Normal sample
NT = Not tested
pg/L = micrograms per liter
U = not detected at or above the stated level
J = estimated result

1

II-

1

J

l

l

I

U
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TABLE 5

Groundwater Chlorophenol, Metals, and Dissolved Gas Data

Former J.H. Baxter Co. Wood Treating Facility

Arlington, Washington
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pg/L pg/L pg/L pgIL pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L pg/L

MW-11 MW-11_20130919 9/19/2013 0.50 U 1.0 U 1.0 U 0.50 U 2.0 U 2.0 U 86.7 13,600 136 7,080 5.3 0.60 1.0 1.3

MW-12 MW-12_20130921 912112013 360 12 0.34 J 0.50 U 2.0 U 2.0 U 30.9 20,900 2,920 _ 6,330 1,720 0.60 1.0 28

MW-32 MW-32_20130919 9/19/2013

_

640 38 U 1.0 U 0.50 U 2.0 U

	

_ 2.0 U 579 11,000 913 7,650 25.0 0.60 1.0 1.3

MW-32 MW-44_20130919 9/19/2013 730 1.5 U 1.0 U 0.50 U 2.0 U 2.0 U 158 11,300 235_ 7,620 9.0 0.60 1.0 1.3

MW-36 MW-36_20130919 9/19/2013 1300 1.0 U 1.0 U
T

0.50 U 2.0 U 2.0 U 10.0 U 26,700 20.0 U 19,000 626 0.60 1.0 1.3

MW-41 MW-41_20130919 9/19/2013 370 9.7 U 1.0 U 0.50 U 2.0 U 2.0 U 10.0 U 13,100 20.0 U 9,380 68.9 0.60 1.0 15

MW-45 MW-45 20130919 9/19/2013

_

0.93 1.0 U 1.0 U 0.50 U 2.0 U 2.0 U 10.0 U 82.3 20.0 U 2.2 J 0.10 J 0.60 1.0 1.3

Notes:

BOLD = detection

Results not validated

pg/L = micrograms per liter

Data reported to reporting detection limit

U = not detected at or above the stated level

J = estimated result

J

J
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TABLE 6
Soil Samples Submitted for Oxidant Bench Testing

Former J.H. Baxter Wood Treating Facility,
Arlington, Washington

Sample
ID

Sample
Type

Zone at
Time of
Drilling

Diesel Range
Organics
(mglkg)

Residual
Range

Organics
(mg/kg)

Penta-
chlorophenol

(pglkg)

SB-A: 10-11 Woody Debris wl Sand Vadose NA NA NA

SB-A: 16-19 Sand wl Gravel Vadose 3,000 170 1,100

	

_

SB-C: 20-21 Sand wl Gravel Vadose NA NA NA

SB-A: 24-27 Sand wl Gravel Vadose 13,000 660 110,000

SB-A: 30-33 Sand wl Silt & Gravel Saturated 22,000 1,200 J 15,000

SB-D: 30-33 Sand wl Silt Saturated 20,000 1,500 530,000

Notes:
BOLD = detection

Results not validated
NA = not applicable
mg/kg = milligrams per kilogram
1.1g/kg = micrograms per kilogram
Data reported to reporting detection limit
U = not detected at or above the stated level
J = estimated result

J. H. Baxter Co.
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TABLE 7
Summary of Bench Oxidation Effectiveness Testing at Day 49

Former J.H. Baxter and Co. Wood Treating Facility
Arlington, Washington

Sample SBA: 24-27 Persulfate Concentration
Diesel
(glkg )

Fraction
Decrease in

Diesel

PCP
(mglkg)

Fraction
PCP

Decrease

Average Fraction
PCP Decrease

Persulfate
Remaining

(glkg)

2nd Round:
26Jun2014 through

14Aug2014

2nd Rd CONTROL (0 g/kg) 10,000 - 19 - - -
2nd Rd CONTROL Dup (0 g/kg)

_
_ NT - 9.9 -

8 glkg 9,800 0.02 7.4 0.49 0.48 1.2

- 7.5 0.48 - -8 glkg Duplicate NT
16 glkg 8,900

NT
0.11 6.2 0.57

0.43
0.50

-
2.2

-
_

8.216 glkg Duplicate
11,000 -0.10 8.4 0.42 0.44 3.223 glkg

23 glkg Duplicate NT - 7.7 0.47 -

1 st Round:
18Nov2013 through

28Feb2014

1st Rd CONTROL (0 g/kg) 7,200 45

87.5 glkg 9,200 -0.28 3.6 0.98 0.98 29.9

175 g/kg 11,000 -0.53 2.2 0.99 0.99 38.1

Sample SB-D: 30-33 Persulfate Concentration
Diesel
(glkg)

Fraction
Decrease in

Diesel
PCP

(mg/kg)

Fraction
PCP

Decrease
Average Fraction

PCP Decrease

Persulfate
Remaining

(glkg)

2nd Round:

26Jun2014 through
14Aug2014

2nd Rd CONTROL (0 g/kg) 12,000 - 18 - - -

2nd Rd CONTROL Dup (0 g/kg) NT - 22 - - -
8 glkg 14,000 -0.17 26 -0.30 -0.30

	

_ ND

8 glkg Duplicate NT - 26 -0.30 - -

16 glkg 14,000 -0.17 20 0.00 0.35 1

16 glkg Duplicate NT - 6.2 _

	

0.69 - -

23 glkg 15,000 -0.25 9 0.55 0.62 2.2

23 glkg Duplicate NT - 6.3 0.69 - -

1 st Round:
18Nov2013 through

28Feb2014

1st Rd CONTROL (0 glkg) 12,000 190 -

46 glkg 11,000 0.08 5.8 0.97 0.97 6.8

92 glkg 8,000 0.00 4.8 0.97 0.97 36.1

Notes:
All data shown is from Day 49 of the experiment
glkg = grams persulfate per kilogram of soil
mglkg = milligrams per kilogram
NT = not tested
PCP = Pentachlorophenol
- = not applicable

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 8
Summary of All Bench Oxidation Effectiveness Testing Data

Former J.H. Baxter and Co. Wood Treating Facility
Arlington, Washington

Day 22 Day 49

Sample ID Persulfate Residual Persulfate Residual Cr DRO PCP
Dosage pH, TOD Oxidant Dosage pH TOD Oxidant As (total) Cu Pb DRO % PCP cyo

glkg s.u. g/kg g/kg g/kg s.u. glkg glkg mg/L mg/L mg/L mg/L mg/kg Reduction mg/kg Reduction

Round 2 (26Jun2014 through 14Aug2014)
SB-D-30-33 - Control 0 NT NT NT 0.0 NT NT NT NT NT NT NT 12,000 - 18 -

0 (Dup) NT NT NT 0.0 NT NT NT NT NT NT NT NT - 22

SB-D-30-33 - Alk Pers 8.0 NT NT NT 8 10.3 > 8 ND NT NT NT NT 14,000 -17% 26 -30%-
8.0 (Dup) NT NT NT 8 NT NT NT NT NT NT NT NT - 26 -30%

16.0 NT NT NT 16 10.02 15 1 NT NT NT NT 14,000 -17% 20 0%
- -

	

-
16.0 (Dup) NT NT NT 16 NT NT NT NT NT NT NT NT 6.2 69%

23.0 NT NT NT 23 10.11 20.8 2.2 NT NT NT NT 15,000 -25% 9 55%
-

23.0 (Dup) NT NT NT 23 NT NT NT NT NT NT NT NT 6.3 69%

SB-A-24-27 - Control 0 NT NT NT NT NT NT NT NT NT NT NT 10,000 - 19 -

0 (Dup) NT NT NT DUP NT NT NT NT NT NT NT NT - 9.9

SB-A-24-27 - Alk Pers 8.0 NT NT NT 8 9.28 6.8 1.2 _ NT NT NT NT 9,800 2% 7.4 49%

8.0 (Dup) NT NT NT 8 DUP NT NT NT NT NT NT NT NT 7.5 48%

16.0 NT NT NT 16 9.34 13.8 2.2 NT NT NT NT 8,900 11% 6.2 57%

16.0 (Dup) NT NT NT 16 DUP NT NT NT NT NT NT NT NT - 8.2 43%

23.0 NT NT NT 23 9.59 19.8 3.2 NT NT NT NT 11,000 -10% 8.4 42%

23.0 (Dup) NT NT NT 23 DUP NT NT NT NT NT NT NT NT 7.7 47%

Round 1 (18Nov2013 through 28Feb2014) AM' W IMM _ ^.
SB-D-30-33 - Control 0 NT NT NT NT NT NT NT <0.30 <0.050 <0.050 <0.30 12,000 - 190 -

SB-D-30-33-AIkPers 23.0 10.30 19.9 3.1 46.0 12.19 39.2 6.8 0.94 0.92 0.060 <0.30 11,000 8% 5.8 97%

46.0 13.49 35.6 10.4 92.0 12.75 55.9 36.1 1.14 1.94 0.073 <0.30 12,000 0% 4.8 97%

SB-D-30-33 - H202IPers _ 23.0 3.50 19.1 3.9 46.0 2.45 37.9 8.1 <0.30 0.36 _ 1.44 <0.30 11,000 8% 110 42%

46.0 2.70 26.7 19.3 92.0 2.18 50.7 41.3 <0.30 1.07 2.92 <0.30 8,600 28% 150 21%

SB-D-30-33 - Fe Pers 23.0 2.66 19.2 3.8 46.0 2.40 38.1 7.9 <0.30 0.34 1.60 <0.30 13,000 -8% 80 58%

46.0 2.42 26.4 19.6 92.0 2.18 51.7 40.3 <0.30 0.66 2.52 0.31 8,000
_

33% 48 75%

SB-D-30-33 - Na Perm 23.0 NT 6.6 16.4 23.0 NT 11.5 11.5 <3.0 3.50 1.14 <3.0 15,000 -25% 58 69%

SB-A-24-27 - Control 0 NT NT NT NT NT NT NT <0.30 <0.050 0.10 <0.30 7,200 45 -

SB-A-24-27 - Alk Pers 43.8 11.59 36.6 7.1 87.5 12.69 57.6 29.9 1.43 2.96 0.061 <0.30 9,200 -28% 3.6 98%

87.5 11.16 77.7 9.8 175 12.82 137 38.1 1.48 3.12 0.064 0.31 11,000 -53% 2.2 99%

SB-A-24-27 - H202 Pers 43.8 3.45 27.5 16.3 87.5 2.07 49.8 37.7 <0.30 1.32 3.03 0.033 7,600 -6% 14 93%

87.5 2.68
_

68.0 19.5 175 1.87 135 40.0 <0.30 2.21 3.81 0.45 6,200 14% 12 94%

SB-A-24-27 - Fe Pers 43.8 2.72 27.5 16.2 87.5 2.03 48.0 39.5 <0.30 1.31 2.89 <0.30 6,100 15% 11 __ 94%

87.5 2.56 68,4 19.1 175 1.94 134 41.1 <0.30 1.29 2.94 <0.30 6,100 15% 13 93%

SB-A-24-27 - Na Perm 43.8 NT 31.3 12.5 43.8 NT 41.3 2.5 <3.0 13.2 1.08 <3.0 7,200 0% 4.8 97%

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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TABLE 8
Summary of All Bench Oxidation Effectiveness Testing Data

Former J.H. Baxter and Co. Wood Treating Facility
Arlington, Washington

Day 78 Day 102

Sample ID Persulfate Residual Persulfate Residual Cr DRO PCP

Dosage pH TOD Oxidant Dosage pH TOD Oxidant As (total) Cu Pb DRO °%o PCP °10

glkg s.u. glkg glkg glkg s.u. glkg glkg mg&L mglL mglL mg/I_ mg/kg Reduction mglkg Reduction

hound 2(26Jun2014through 14
SB-D-30-33 - Control NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

SB-D-30-33 - Alk Pers NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT
_

NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT _ NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

SB-A-24-27 - Control NT NT NT NT NT NT NT NT NT NT

	

_ NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

SB-A-24-27 - Alk Pers NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT_
NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT _ NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT

NT NT NT NT NT NT NT NT NT NT NT NT NT

	

_ NT NT NT

Wind 1 (18Nov2013 through 28 _
SB-D-30-33 - Control NT 6.30 NT NT NT NT NT NT <0.30 <0.050 <0.050 <0.30 13,000 130

SB-D-30-33 - Alk Pers 46.0 10.64 38.7 7.3 69.0 12.87 58.5 10.5 0.80 0.90 <0.050 <0.30 9,700 25% 4.6 96%

92.0 12.90 52.7 39.3 115.0 13.13 59.5 55.5 0.90 1.17 <0.05 <0.30 13,000 0% <3.8 >97%

SB-D-30-33-H2021Pers 46.0 2.47 37.4 8.6 69.0 2.43 56.6 12.4 <0.30 1.04 2.21 <0.30 11,000 15%

	

_ 51 61%

92.0 2.38 47.9 44.1 115.0 2.33 52.3 62.7 <0.30 1.64 2.87 0.41 5,200 60% 27 79%

SB-D-30-33 - Fe Pers 46.0 2.42 37.4 8.6 69.0 2.35 56.8 12.2 <0.30 0.81 2.10 <0.30 8,200 _ 37% 63 52%

92.0 2.29 47.5 44.5 115.0 2.27 52.7 62.3 <0.30 1.26 2.61 <0.30 5,000 62% 30 77%

SB-D-30-33 - Na Perm 23.0 8.96 >23.0 0.0 69.0 8.89 39.1 29.9 0.33 2.23 <0.050 0.93 6,400 51% 31 76%

SB-A-24-27 - Control NT 5.71 NT NT NT NT NT NT <0.30 <0.050 0.10 <0.30 3,400 31

SB-A-24-27 - Alk Pers 131.3 12.96 78.8 52.5 175 13.12 110 64.9 1.01 2.17 <0.050 <0.30 3,400 0% <3.8 >88%

262.5 12.97 205.3 57.2 350 13.05 278 72.3 1.50 3.00 <0.050 <0.30 4,700 -38% <4.7 >85%

SB-A-24-27 - H202 Pers 131.3 2.62 64.2 67.1 175 2.10 92.5 82.5 0.32 2.53 4.00 0.51 2,700 21% 7.3 100%

262.5 2.29 195.7 66.8 350 1.82 269 80.8 0.74 4.94 6.80 0.69 3,100 9% 7.4 100%

SB-A-24-27 - Fe Pers 131.3 2.43 65.1 66.2 175 2.05 92.0 83.0 0.37 2.29 3.81 0.47 2,600 24% _

	

8.6 100%

262.5 2.30 196.3

_
66.2 350 1.74 266 83.7 0.79 4.07 5.91 0.53 2,800 18% 11 100%

SB-A-24-27 - Na Perm 43.8 8.81 >43.8 0.0 87.6 8.77 29.6 58.0 0.65 4.14 <0.050 1.73 2,800 18% <3.3 >89%

Notes
Alk Pers = Persulfate with alkaline activator
DRO = Diesel Range Organics
Fe Pers = Persulfate with iron activator
glkg = grams per kilogram
H202 Pers = Persulfate with hydrogen peroxide activator
mglkg = milligrams per kilogram
mg/L. = milligrams per liter
Na Perm = Sodium permanganate
NT = not tested
PCP = Pentachlorophenol
s.u. = standard pH units

= not applicable

J. H. Baxter Co.
Source Area Investigation and Chemical Oxidation Bench Study Results
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Figure 7
Pentachlorophenol (PCP) Oxidized vs Persulfate Used

at Day 49
Former J.H. Baxter Co. Wood Treating Facility

Arlington, Washington

Sample SB-A: 24-27
Persulfate

Dose
Average % Decrease in PCP

Persulfate
Remaining (g/kg)

Control 0 0
8 g/kg 48 1.2

16 g/kg 50 2.2
23 g/kg 44 3.2

87.5 g/kg 98 29.9
175 g/kg 99 38.1

Sample SB-D: 30-33
Persulfate

Dose
Average % Decrease in PCP

Persulfate
Remaining (g/kg)

Control 0 0
8 g/kg -30 0

16 g/kg 35 1
23 g/kg 62 2.2
46 g/kg 97 6.8
92 g/kg 97 36.1
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Sample SB-A: 24-27 Summary of
Bench Oxidation Effectiveness Testing at Day 49

Control 8 g/kg 16 g/kg 23 g/kg 87.5 g/kg 175 g/kg
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Sample SB-D: 30-33 Summary of
Bench Oxidation Effectiveness Testing at Day 49

Control 8 g/kg 16 g/kg 23 g/kg 46 g/kg 92 g/kg
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington Log

	

Boring No. SB-Ag

	

g

BORING LOCATION:
ELEVATION

9120113

AND DATUM:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED: DATE FINISHED:

9120113

DRILLING METHOD:

	

Sonic drilling
TOTAL DEPTH (ft.):
45.0

MEASURING POINT:

DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig DEPTH TO WATER (ft.)
FIRST

	

COMPL.
-30ft

	

i

SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]
LOGGED BY:
Nathan Moxley

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

REG. NO.
Steve Barnett, LG

	

i

	

1051
j SAMPLES t7 DESCRIPTION

awa
n QE o Ez

N
o o

op ¢
NAME (USCS): color, moist, % by WI, plast. density, structure, REMARKS

cementation, react. w/HCI, geo. inter.

Surface Elevation:
^

m
w

AGGREGATE BASE (GP): Light grayish brown, moist, gravel with
sand and silt (roadbase FILL) (no odor) - Bagged Samples

Sheen Testing Results:
1- -

2- 0.5
no sheen

3-

4-

5- 0.4 -
no sheen

6-
WOOD DEBRIS: Dark brown to black, moist, 95% WOOD -

7 5.2 DEBRIS, 5% fine sand (faint odor)
no sheen

8- -

9- rock fragment
2.1 -

no sheen
10

11- m
m

12- 0.0
no sheen

13-

14- 0.1
no sheen

15- POORLY-GRADED GRAVEL (GP): Gray , rounded cobble
fragments

POORLY-GRADED SAND with GRAVEL (SP): Gray, moist, 80%16 10.1
medium to coarse SAND with 15% rounded gravel, and 5% fine
sand (odor)

abundant sheen with
product droplets

17-

18 N 15.6
slight sheen

- -- - - -
POORLY-GRADED SAND (SP): Light brown, moist, 85% fine to

19 medium SAND with 10% coarse sand and 5% gravel (slight odor)

20
OAKBOREV {REV. 612°11)

Project No. 361M125611.0001.3 Page 1 of 3
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PROJECT: Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-A (cont'd)

SAMPLES o
1 m a1 N g? DESCRIPTION REMARKS

NAME (USCS): color, moist, % by wt., plast. density, structure,
1-d E

Z6

E
o Q

	

ii
-IL
m

w
tY

cementation, react. wIRCI, geo. inter.

5.6 WOOD DEBRIS: Dark brown to black, moist, 95% WOOD abundant sheen with

21-
DEBRIS, 5% fine sand (faint odor)

_

-
product droplets

1_ Gray, silty, fine SAND lense
22 1.8 POORLY-GRADED SAND with GRAVEL (SP): Gray, moist, 75% no sheen

23-
medium to coarse SAND with 15% rounded gravel, 5% fine sand,
and 5% wood debris (odor and staining) -

24_
POORLY-GRADED SAND (SP): Grayish brown, moist, 90% fine to -

- 15.8
medium SAND with 5% coarse sand and 5% gravel (odor and
staining) abundant sheen with

25- product droplets

26-
Q

16.0

27 - -

abundant sheen with
product droplets

28-

29- 19.0 POORLY-GRADED SAND with SILT (SP-SM): Light brown, moist, -
85% fine SAND with 10% silt and 5% gravel (odor and staining) _ abundant sheen with

30-
product droplets

31
M

22.8
T

becomes wet

- M - free product visible

32 - -

33- 16.1

34 -

residual free product visible in core bag at 33 ft

-

free product visible

35 -
- slight sheen

36 - 0.1 -

- ----

no sheen

37=
-

38-

39 - 0.5 -

40
_

ov ... no sheen

41- m 0.3 -

42 - -
_ - no sheen

43- - -

44
OAC B0REV (REV. 812011)
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-A (cont'd)

SAMPLES 0
„ 2 z E DESCRIPTION REMARKS

' z
o O

	

Q NAME (USCS): color, moist, % by wt., plast. density, structure,0
m < cementation, react. wIHCI, geo. inter.u) u)

0.0

45
no sheen

46
Boring terminated at 45 feet and backfilled with bentonite chips

47- -

	

-

	

- -

48- -

49=

50- -

51- -

52- -

53- -

54 - -

55- -

56-

57-

58 - -

59-

60 - -

61- -

62-

63-

64-

65 - -

66 = _

67 - -

68
OAK90REV (REV. 812011 )
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PROJECT: Former J.H. Baxter
Log of Boring No. SB-BArlington, Washington

BORING LOCATION:
ELEVATION AND DATUM:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED:
9120113

DATE FINISHED:
9120113

DRILLING METHOD:

	

Sonic drilling
TOTAL DEPTH (ft.):
40.0

MEASURING POINT:

DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig DEPTH TO WATER (ft.)
FIRST

	

COMPL.

30 ft
SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]

LOGGED BY:
Nathan Moxley

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

REG. NO.
Steve Barnett, LG

	

i

	

1051
SAMPLES 0 DESCRIPTION

_

Luw
CD

E o

Ezc

as

E
E

o o °
ins

2 z E
O 9 0_

1 v

NAME (USCS): color, moist, % by wt., plast. density, structure, REMARKS
cementation, react. w/HCI, geo. inter.

Surface Elevation:

1-

2 -

3-

4-

5

6-

7-

8-

9-

10-
_

2.1

1.6

3.3

1.4

6.8

2.0

1.1

0 . 6

AGGREGATE BASE (GP): Light grayish brown, moist, gravel with
sand and silt (roadbase FILL) (no odor)

_

-

-

Bagged Samples
Sheen Testing Results:

no sheen

WOOD DEBRIS: Dark brown to black, moist, 95% WOOD
DEBRIS, 5% fine sand (faint odor)

-

-\
POORLY-GRADED SAND (SP): Light grayish brown, moist, 90%

--fine to medium SAND with 5% silt and 5% gravel (no odor)

POORLY-GRADED SAND (SP): Light grayish brown with reddish
gray and gray staining, moist, 60% medium to coarse SAND with
30% fine sand and 10% gravel (slight odor)

	
POORLY-GRADED SAND with GRAVEL (SP): Light grayish brown
with dark gray staining, moist, 65% medium to coarse SAND with
25% gravel and 10% fine sand (no odor)

- contains rounded cobbles

-

-

-

-

-

-

no sheen

slight sheen

no sheen

no sheen

no sheen

no sheen

no sheen

11-

12-

13-

14 -

15-

16-

1 7 -

1 8-
_

1 9 -

20

s ,

u5

w
OAKBOREV {REV. e12011)
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-B (cont'd)

L SAMPLES
z E

a Q
DESCRIPTION REMARKS^,

w
o`"

m

E o

a
Z

m

E
No °a

u
NAME (USCS): color, moist, % by wt., plant. density, structure,

cementation, react. wIHCI, geo. inter.c n m

21 -

POORLY-GRADED SAND (SP): Light brown with gray staining,
moist, 80% fine to medium SAND, with 10% coarse sand and 10%
gravel (slight odor)

- 2.4
no sheen

22-

23-- -

	

- -

24 - 1.2 -

2 5-

no sheen

26 - 3.0

no staining visible

27-

slight sheen

28 -

29 - 2.6

general grain size decreases to 95% fine to medium SAND with 5%
gravel

-

30-

no sheen

31 - 15.9
free product visible inside core bag

32-

abundant sheen with
product droplets

33 15.4
free product visible

POORLY-GRADED SAND with SILT (SP-SM): Light brown, wet,'
85% fine SAND with 15% silt (odor)

34-

35-

36 - 5.5

37 - -

slight sheen

38-

39- 2.8 -

40

no sheen

41
Boring terminated at 40 feet and backflled with bentonite chips.

42-

43-

44
ON(BOREV (REV. B/2011(

Project No. 361M125611.0001.3 Page 2 of 2



PROJECT: Former J.H. Baxter Log of Boring No. SB-C9

	

9Arlington, Washington

BORING LOCATION:
ELEVATION AND DATUM:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED:
9120113

DATE FINISHED:
9120113

DRILLING METHOD:

	

Sonic drilling
TOTAL DEPTH (ft.):
40.0

MEASURING POINT:

DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig DEPTH TO WATER (ft.)
FIRST

	

COMPL.
- 30 ft

	

I
SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]

LOGGED BY:
Nathan Moxley

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

REG. NO.
Steve Barnett, LG

	

1051
SAMPLES DESCRIPTION

0 N 2 - E NAME (USCS): color, moist, % by wt., plast. density, structure, REMARKS
W$

v
E E o 0

	

a cementation, react. wIHCI, gee. inter.
O

^ -u Surface Elevation:

- AGGREGATE BASE (GP): Light grayish brown, moist, gravel with Bagged Samples

1-
sand and silt (roadbase FILL) (no odor)

-
Sheen Testing Results:

2- 1.3 -

3-

no sheen

4-
POORLY-GRADED SAND with SILT (SP-SM): Brown, moist, 75%
fine to medium SAND with 15% silt and 10% gravel (slight odor)

- 5.1 -

5
_- no sheen

6- 5.8

POORLY-GRADED SAND (SP): Light grayish brown, moist, 85%
fine to medium SAND with 10% gravel and 5% coarse sand (no
odor) -

7-

slight sheen

8- -

3.5

9
- no sheen

10-

T

	

coarse sand content increases

	

-

11-

12 - 1.0 -

13-

no sheen

14 - 1.7 -

15-

no sheen

16- 1.9 ---------------------

	

--------

17-

POORLY-GRADED SAND (SP): Light brown, moist, 80% medium
to coarse SAND, with 10% fine sand and 10% gravel (no odor)

no sheen

18- -

19- 1.6
- no sheen

20

	

CAKBOREV (REV. 812011)

metes
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington

	

Log of Boring No. SB-C (cont'd)

SAM PLES

wo `

m

E
Z

E
N

o
co

- E

O

	

a
L

DESCRIPTION REMARKS
NAME (USCS): color, moist, % by wt., plast. density, structure,

cementation, react. w/HCI, geo. inter.

21-
O

N , 2.3 -

-
no sheen

22-
_ grain size decreases to a fine to medium SAND -

23- _

24 - 1,4 -

25 - -

no sheen

grain size increases to a medium to coarse SAND -

26 -- 3.5 -
gravel lense _ no sheen

27-

28 - g 2 1_ gravelly, medium to coarse SAND lense -

--29--

POORLY-GRADED SAND with SILT (SP-SM): Light brown, moist,
90% fine SAND, with 10% silt (no odor)

sheen with trace product
droplets

30- 4.0 -

31-
M

.

becomes wet

lense containing 10% coarse sand and 10% gravel

no sheen

0
r^ -

32
,

5.9

33- -

no sheen

34-

3.7 -
35 _ no sheen

36- 2.3

37-

no sheen

38 - -

39 1.4 -

40- -

no sheen

41-
Boring terminated at 40 feet and backfilled with bentonite chips.

42-

-43- - -

44
OAKBOREV {REV, 812071E
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PROJECT: Former J.H. Baxter

Arlington, Washington Log of Boring No. SB-D

BORING LOCATION:
ELEVATION AND DATUM:

DRILLING CONTRACTOR: Cascade Drilling, Inc.
DATE STARTED:
9120113

DATE FINISHED:
9120113

DRILLING METHOD:

	

Sonic drilling
TOTAL DEPTH (ft.):
40.0

MEASURING POINT:

DRILLING EQUIPMENT: Prosonic, Spider Track Mounted Limited Access Rig DEPTH TO WATER (ft.)
FIRST

	

COMPL.
30 ft

SAMPLING METHOD: 5-foot-continuous-core system [5' x 4" OD]
LOGGED BY:
Nathan Moxley

HAMMER WEIGHT:

	

NA DROP:

	

NA
RESPONSIBLE PROFESSIONAL:

	

REG. NO.
Steve Barnett, LG

	

1051

F
SAMPLES o

z2 - E
DESCRIPTION

NAME (USCS): color, moist, % by wt., plast. density, structure, REMARKSa^ m N

o o a. cementation, react. w/HCI, geo. inter.

Surface Elevation:

1-

AGGREGATE BASE (GP): Light grayish brown, moist, gravel with
sand and silt (roadbase FILL) (no odor)

Bagged Samples
Sheen Testing Results:

2_ 24 POORLY-GRADED SAND (SP): Light grayish brown, moist, 90% -
fine to medium SAND with 5% coarse sand and 5% gravel (no _ no sheen

3-
odor)

-

4- 1.5

1_ dark brown color

5-

no sheen

6 - 1.5

7-

no sheen

8- 2.1

9-

no sheen

POORLY-GRADED SAND with GRAVEL (SP): Light grayish _

10-
brown, moist, 60% medium to coarse SAND with 30% gravel and
10% fine sand (no odor)

POORLY-GRADED SAND (SP): Light grayish brown, moist, 90%
11- 2.8 fine to medium SAND with 10% gravel (no odor)

_

no sheen

12-

13-

14- 1.8

15-

no sheen

16- 3.1 ------------------------------------

_ POORLY-GRADED SAND with GRAVEL (SP): Light grayish _ no sheen

17-
brown, moist, 60% medium to coarse SAND with 30% gravel and
10% fine sand (no odor)

18- 3

19-

no sheen

20

	

OM

	

OREV (REV. 3!2G1l)
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PROJECT:

	

Former J.H. Baxter
Arlington, Washington Log of Boring No. SB-D (cont'd)

SAMPLES
I

	

, m m 2- DESCRIPTION REMARKS
o

E
o E 0 w a NAME (USCS): color, moist, % by wt., plast. density, structure,Z

m o' cementation, react. WI-ICI, geo. inter.

21- 2.8

POORLY-GRADED SAND (SP): Light grayish brown, moist, 90%
fine to medium SAND with 10% gravel (no odor)

22-

no sheen

23-

24- 3.3

25

no sheen

= _

26- 3.4
	 no sheen

- POORLY-GRADED SAND with GRAVEL (SP): Light grayish
27- brown, moist, 60% medium to coarse SAND with 30% gravel and

28 - 21.4

10% fine sand (odor and staining)

29 -

slight sheen

30 17.7
POORLY-GRADED SAND with SILT (SP-SM): Light brown, moist
to wet, 90% fine to medium SAND with 10% silt (strong odor) sheen and product

dropletsvisible product in soil core from 30 - 34 ft
31- "' -

32-

am
a

17.1

33

heavy sheen and free
product

34-

35 4.6

odor decreases below 34 ft

-
_ slight sheen

36- 2.7

37

no sheen

= =

38- 3.0 -

39-

40 1.7

Boring terminated at 40 feet and backfilled with bentonite chips.
41-

no sheen

42 - -

43 -

44
OAKBOREV (REV. 812011)
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200 E Lincoln Street
Mount Horeb, WI 53572
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October 28, 2014

Dr. Jack Spadaro
AMEC Environment & Infrastructure
7376 SW Durham Road
Portland, Oregon 97224

Subject: Bench Level Testing for the Remediation of Pentachlorophenol at the JH
Baxter site in Arlington, WA.

Dr. Spadaro,

Ursus Remediation Testing & Technologies, LLC (Ursus) is pleased to provide AMEC
Environment & Infrastructure (AMEC) this report for bench level testing of
Pentachlorophenol (PCP) at the JH Baxter site in Arlington, WA.

OBJECTIVE

Testing was conducted to measure the effectiveness of chemical oxidants to reduce the
levels of PCP in saturated soil from the site. Since a site specific PCP cleanup goal was not
defined, the treatment goal was to reduce the mass of PCP in soil and groundwater slurries.
PCP at the site is cut with diesel.

The two chemical oxidants tested in the study were persulfate and permanganate.
Treatment of PCP contaminated soil and groundwater with persulfate is well established.
Permanganate was evaluated since it has minimal potential to oxidize diesel range
hydrocarbons and should be effective in mineralizing PCP. Therefore, the permanganate
requirement may be lower than the persulfate requirement since the permanganate may
target the PCP and to a lesser degree diesel.

The objectives of the study included:

1. Determine the Total Oxidant Demand (TOD) of soil using sodium persulfate and
permanganate. The objective of the TOD is to determine the amount of persulfate
and permanganate required to oxidize natural and anthropogenic sources of organic
compounds in site soil.

2. Measure the effectiveness of varying dosages of persulfate and permanganate to
lower concentrations of PCP in soil and groundwater slurries. Analyze secondary
parameters to gauge the oxidant impact on groundwater.

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

3. PCP at the site is cut with diesel and it was suspected that free product diesel will
increase the oxidant demand well above the stoichiometric mass of oxidant needed
to mineralize only the PCP. Therefore, chemical dosing in the first round of
evaluation testing took into consideration the potential oxidant demand of the
diesel.

BACKGROUND

Seven soil samples and one groundwater sample were received by Ursus. Soil samples
were collected in 16 oz. soil jars and received on ice. Groundwater was received on ice in
1 liter amber bottles. Samples were received unpreserved and were not chemically
preserved at the laboratory for TOD and Effectiveness testing, which is standard operating
procedure for this type of testing. Samples received, descriptions, and comments are
shown in Table 1.

Table 1.
Samples Received for TOD and Effectiveness Testing

Sample
Name

Sample
Date

Date
Received Matrix Wt. /vol Sample Comments

MW-12 9/21/13 9/25/13 and
9/26/13

GW 12 L No headspace

SB-A: 10-11 9/21/13 9/25/13 Soil 1-16 oz jars Soil and plant debris. No
apparent odor.

SB-C: 20-21 9/21/13 9/25/13 Soil 1-16 oz jars Silty Loam. No apparent
odor.

SB-A: 30-33 9/21/13 9/25/13 and
9/26/ 13

Soil 5-16 oz jars Sandy Loam. Odor.

SB-D: 30-33 9/21/13 9/25/13 Soil 5-16 oz jars Sandy Loam. Odor and free
product.

SB-A: 16-19 9/21/13 9/26/13 Soil 5-16 oz jars Small gravel and sand.
Odor.

SB-A: 24-27 9/21/13 9/26/13 Soil 5-16 oz jars Sandy soil. Odor.

Sodium persulfate requires activation to be the most effective in degrading contaminants in
soil and groundwater. Common activators for persulfate include alkaline (sodium
hydroxide), hydrogen peroxide, and transitional metals (iron). For this study, persulfate
was activated with sodium hydroxide to a pH greater than 10.5, or hydrogen peroxide, or
iron. Permanganate does not require activation for effective treatment.

Ursus Remediation Testing & Technologies, LI (

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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October 28, 2014
.1H Baxter - Arlington, WA

MATERIAL & METHODOLOGY

Materials

• Sodium Persulfate Na2 S2O8 . Provided by PeroxyChem under the trade
name KlozurTM .

+ Sodium Permanganate - 40% NaMnO 4 . Provided by Cams Chemical under
the trade name Remox® L ISCO.

• Hydrogen Peroxide - 30% H202 . Fisher Scientific reagent grade.

• Ferrous Sulfate Heptahydrate - FeSO4 . 7H20. Premier Chemicals LLC.

• Sodium Hydroxide - NaOH. JT Baker reagent grade.

Analytical Methods

Roth standard and non-standard methods were used during the study. Table 2 lists the
methodologies.

Table 2.
Analytical Methodology

[1

L

Test Parameter Methodology

TOD/Effectiveness
Testing

Haselow et. al (2003). FMC Protocol. Ursus
Proprietary methodology

Diesel Range
Organics (DRO)

EPA 8015C

Pentachlorophen.ol
(PCP)

EPA 8270D

Total Arsenic,
Chromium, Copper,
Lead

EPA 6010

pH SW-845 9045

Li

L!
1.emediatiy

Page 3 of 58200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
HI Baxter - Arlington, WA

Acidity and TOD Testing

Acidity was measured in each soil sample to determine the amount of sodium hydroxide
needed to maintain the pH above 10.5 for alkaline activation. Acidity testing was
conducted over roughly a 3-day period with periodic pH measurements and adjustment to
maintain a greater than 10.5 pH. Alkalinity testing was conducted over roughly a 24 hour
period with periodic pH measurements and adjustment to maintain the pH target range of 3
to 5 with sulfuric acid.

Soil slurries were prepared for TOD testing by mixing each soil with MW-12 groundwater.
A soil to groundwater ratio of 1:4 was used in preparing the slurries. Oxidant/activator and
groundwater where mixed and the mixture was added to the soil. Slurries were dosed with
sodium persulfate at 2.5 g/kg, 5.0 g/kg, and 10.0 g/kg and the amount of alkalinity needed
to maintain a greater than 10.5 pH. Only alkaline activation was tested for persulfate TOD.
Permanganate TOD testing was dosed with 2.5 g/kg, 5.0 g/kg and 10.0 g/kg permanganate.
Activation is not required for permanganate.

The samples were exposed to ambient laboratory conditions at the bench in tightly capped
reaction jars with periodic mixing (shaken two to three times/day). TOD analysis was
performed 48 and 96 hours post treatment.

Effectiveness Testing Round 1 (102 Day Treatment)

Two soil/groundwater slurry samples (one from SB-A: 24-27, and one from SB-D: 30-33)
were prepared for effectiveness testing. Each soil was slurried with groundwater sample
from MW- 12.

Samples were treated with alkaline activated sodium persulfate, hydrogen peroxide
activated sodium persulfate, iron activated sodium persulfate, and sodium permanganate.
Effectiveness testing dosages were based on data collected in TOD testing and oxidant
stoichiometric demand of the DRO, heavy hydrocarbons, and PCP.

Analytical data showed significant concentrations of DRO, heavy hydrocarbons, and PCP
in the soil. To ensure sufficient persulfate dosage to treat the contaminants, a
stoichiometric calculation was performed to estimate the overall oxidant demand. The
stoichiometric demand assumed persulfate will oxidize DRO, heavier hydrocarbons, and
PCP at the same rate.

Due to the high oxidant demand of the soils and the difficulty of adding all of the chemistry
in one application, persulfate and permanganate were added in multiple applications.

A control sample for each soil was prepared at the same soil to liquid ratio at the treated
samples.

A sacrificial sample was prepared with the same chemistries and dosages to measure the
secondary parameters, including residual persulfate and permanganate, arsenic, chromium,
copper, lead, and pH. The secondary parameters were measured in the liquid phase of the
sacrificial control and treated samples periodically during the study. Sacrificial samples
.,I r. , ^i.all^ll l;;l.. d
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were prepared since significant volume of the liquid phase may be required for secondary
testing.

The control and treated samples (non-sacrificial sample) will be measured for DRO and
PCP at two testing times. Sodium sulfite was added to treated and control samples
submitted for DRO and PCP analysis to chemically reduce the oxidant and stop the
reaction. Sodium sulfite was added immediately prior to sample submission. Each
soil/groundwater slurry sample was amended with drying agent in the analytical laboratory,
and the resulting solid was solvent-extracted to prepare a sample for injection into the gas
chromatograph. Treated and control samples were corrected for total solids and results
were reported as dry weight.

Persulfate Treatment
1. The target total persulfate dosage applied was 25% and 50% of the stoichiometric

demand. One sample received a total of 25% of the total stoichiometric demand
and another received 50% of the total stoichiometric demand. Residual persulfate
was periodically monitored, depending on the residual persulfate concentration, add
additional persulfate - if all or most of the persulfate is spent- or let the reaction
proceed if significant persulfate remains and measure the persulfate concentration
again over time.

2. The additional persulfate dosage, if required, was dependent on the residual
persulfate and stoichiometric amount added.

3. DRO, PCP, and secondary parameters analysis time frames were dependent on data
obtained in residual testing and the stoichiometric amount of oxidant added.

Permanganate Treatment
1. Because permanganate is generally not effective in oxidizing hydrocarbons, it is

difficult to estimate the stoichiometric demand. Therefore, the persulfate demand
was used as an estimate.

2. To allow for flexibility in adding permanganate, three samples were prepared and
dosed at 25% of the persulfate demand.

3. The residual permanganate was monitored (visually) and analytically. Additional
permanganate was added, if necessary. The additional permanganate dosage, if
required, was dependent on the residual permanganate and initial dosage.

4. DRO, PCP, and secondary parameters analysis time frames were dependent on data
obtained in residual testing and the stoichiometric amount of oxidant added.

For persulfate and permanganate effectiveness testing, 50 g of soil was tested and 12.5 mls
of MW-12 groundwater was added at each dosage interval. For example, 12.5 mls of
liquid was added in the first application. The second application also received 12.5 mls of
liquid for a total volume of 25 mls. Each subsequent addition received another 12.5 mls of
MW-12. The 50g of soil to 12.5 mls of liquid simulates a soil groundwater condition that
is slightly greater than the saturation point. Laboratory testing found a soil saturation point
of 23% v/v. The objective was to add a liquid volume that simulates a volume that could
be added in an ISCO application.

ReineLhn:
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The required amount of treatment chemical for each dosage was mixed with MW-12, and
added to the corresponding soil. For alkaline activated sodium persulfate effectiveness
testing, sodium hydroxide was applied to achieve a pH of greater than 10.5. The amount of
sodium hydroxide required included the amount to increase the soil pH and to compensate
for the formation of sulfuric acid from sodium persulfate. When sodium persulfate reacts,
sulfuric acid is produced as a product of the reaction. Hydrogen peroxide was added at a
1:1 persulfate to peroxide molar ratio for peroxide activate sodium persulfate. For iron
activated sodium persulfate, iron, in the form of ferrous sulfate heptahydrate, was added at
300 mg Fe/kg soil.

Effectiveness Testing Round 2 (49 Day Treatment)

Testing was conducted similarly to the first round of testing. Three alkaline activated
dosages of 8, 16, and 23 g persulfate/kg soil where tested in samples SB-D-30-33 and SB-
A-24-27. Fifty grams of soil was mixed with 12 mis of MW-12 groundwater at each
dosage. A control sample at the same soil to liquid ratio was also prepared. A sacrificial
sample was prepared at each dosage to measure the secondary parameters, including
residual persulfate, and pH. Samples were allowed to react for 49 days and then samples
were tested for residual persulfate, pH, PCP, and DRO. A duplicate was prepared for each
control and dosage. Only PCP was measured in the duplicate.

RESULTS

Acidity and TOD Testing

The amount of sodium hydroxide needed to adjust the sample for alkaline activation
includes the mass needed to maintain the pH above 10.5 and the mass needed to
compensate for the decomposition of sodium persulfate and formation of sulfuric acid. The
average baseline acidity for all soil samples was 2.75g NaOH/kg. The required amount of
sodium hydroxide for each dosage is shown in Table 3.

Table 3.
Grams of NaOH Added For TOD Alkaline Activation.

Persulfate
Dosage
(g/kg)

Acidity (g
NaOH/kg

soil)
2.5 6.3
5.0 7.2
10.0 9.0

•
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TOD Testing

Alkaline Persulfate TOD
Soil was dosed 2.5, 5.0, and 10.0 g/kg of sodium persulfate. The TOD was
measured at 48 and 96 hours post treatment. The TOD was set up on September 30,
2013. The 48 hour persulfate TOD (TOD481 ]r) was measured on October 3, 2013
and the 96 hour (TOD96Hr) on October 4, 2013.

At the 48 and 96 hour mark, the soil slurry was allowed to settle and an aliquot of
the liquid fraction was decanted and analyzed for residual persulfate. The data for
the TOD is shown in Table 4. Results are discussed below.

1. Higher dosage levels produced higher TOD results in both the 48 and 96
hour tests.

2. Higher results were observed in the TOD 96 when compared to the TOD48 -
suggesting that the majority of the oxidant demand was not met in the first
48 hours.

	

-

3. Where residual persulfate exists, the pH was significantly higher than the
target pH of 10.5. This is not unexpected since more sodium hydroxide was
added to compensate for the formation of sulfuric acid when the persulfate
breaks down. Since all of the persulfate has not broken down, excess
sodium hydroxide is present and therefore a higher pH results.

4. Where all of the sodium persulfate is utilized, the pH is near or less than
10.5.

5. TOD results show that SB-A: 10-11 and SB-C: 20-21 had the greatest TOD
(> 10.0) while the other samples showed less TOD - ranging from 0.9 to 4.5
glkg at 96 hours.

r
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Table 4.
TOD48 and TOD96 Results for Alkaline Activation

48 hour TOD 96 hour TOD

Sample ID

Sodium
Persulfate

Dosage
g/kg pH g/kg pH g/kg

SB-A: 10-11 2.5 9.54 > 2.5 8.41 > 2.5
5.0 8.86 > 5.0 7.71 > 5.0
10.0 7.90 > 10.0 6.99 > 10.0

SB-C: 20-21 2.5 11.48 > 2.5 10.78 > 2.5
5.0 11.51 > 5.0 10.55 > 5.0
10.0 12.02 6.2 11.44 > 10.0

SB-A: 30-33 2.5 12.21 0.2 12.24 1.1

5.0 12.36 0.8 12.40 0.9
10.0 12.57 0.9 12.60 3.3

SB-D: 30-33 2.5 12.17 1.0 12.03 1.0
5.0 12.41 0.3 12.08 2.5
10.0 12.58 1.6 12.42 4.5

SB-A: 16-19 2.5 12.20 1.2 12.35 1.5
5.0 12.38 1.2 12.51 1.5
10.0 12.62 1.3 12.67 4.2

SB-A: 24-27 2.5 11.96 1.0 11.51 1.6
5.0 12.46 0.3 12.04 1.5
10.0 12.65 0.6 12.39 3.9

Permanganate TOD
The soil/groundwater slurry was dosed at 2.5, 5.0, and 10.0 g/kg permanganate. The TOD
was measured at 48 hours and 96 hours post treatment. The TOD was set up on September
30, 2013. The 48 hour permanganate TOD (TOD48H,) was measured on October 3, 2013
and the 96 hour (TOD96Hr) on October 4, 2013.

At the 48 hour and 96 hour mark, the soil slurry was allowed to settle and an aliquot of the
liquid fraction was decanted and analyzed for residual permanganate. Soil slurry TOD data
is shown in Table 5. Results are discussed below.

1. The majority of the demand was observed in the first 48 hours and all of the
permanganate was utilized within 96 hours.

2. It appears the permanganate more readily oxidizes the sample when compared to
persulfate or the permanganate demand is greater than the persulfate demand. It si

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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not uncommon to observed high permanganate TOD in samples when they are
treated with both permanganate and persulfate.

3. Permanganate TOD can be converted to potassium permanganate or sodium
permanganate TOD by multiplying the permanganate TOD by 1.33 and 1.19,
respectively.

Table 5.
TOD48 and TOD96 Results for Permanganate

48 hour
TOD

96 hour
TOD

Sample ID
Permanganate
Dosage, glkg MnO4, g/kg MnO4, glkg

SB-A: 10-11 2.5 > 2.5 > 2.5

5.0 > 5.0 > 5.0

10.0 > 10.0 > 10.0

SB-C: 20-21 2.5 > 2.5 > 2.5
5.0 > 5.0 > 5.0

10.0 > 10.0 > 10.0

SB-A: 30-33 2.5 > 2.5 > 2.5

5.0 5.0 > 5.0
10.0 10.0 > 10.0

SB-D: 30-33 2.5 > 2.5 > 2.5

5.0 > 5.0 > 5.0

10.0 > 10.0 > 10.0

SB-A: 16-19 2.5 > 2.5 > 2.5
5.0 5.0 > 5.0
10.0 9.8 > 10.0

SB-A: 24-27 2.5 > 2.5 > 2.5
5.0 > 5.0 > 5.0

10.0 10.0 > 10.0

TOD testing showed all of the permanganate was utilized within 96 hours. Persulfate
testing showed either all persulfate was utilized or an increasing demand from 48 to 96
hours. Both cases suggest the oxidant demand was not met for all samples.

^dElliill
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Effectiveness Testing Round 1 (102 Day Treatment - November 18, 2013 - February 28,
2014)

The TOD testing suggested that oxidant demand was higher than initial estimates. To
better estimate the oxidant demand, a persulfate stoichiometric calculation was performed.
Analytical data is shown for soil samples that have reported results (Table 6).
Stoichiometric requirement and stoichiometric demand are shown in Table 7. The highest
stoichiometric requirement was estimated to come from DRO, requiring an estimated 51.5
g of sodium persulfate/g of DRO (Table 7). The PCP stoichiometric requirement was
estimated at 8.0 g of sodium persulfatelg of PCP. Stoichiometric demand estimates show
the majority of the persulfate demand is expected to be from DRO and to a lesser degree
residual hydrocarbons. Sample SB- A: 30-33 has the highest total stoichiometric demand
at a calculate amount of 1,195 g persulfate/kg soil.

Table 6.
Soil Analytical Data

mg/kg dry wt.

Compound SB-A: 16-19 SB-A: 24-27 SB-A: 30-33 SB-D: 30-33

DRO 3,000 13,000 22,000 2,000

Residual Range 170 660 1,200 1,500

PCP 1.1 110 15.0 530

Table 7.
Sodium Persulfate Soil Stoichiometric Demand

Stoichiometric Demand, g Persulfate/kg Soil

Compound

Stoichiometric
Requirement,
g Persulfate/g

Compound SB-A: 16-19 SB-A: 24-27 SB-A: 30-33 SB-D: 30-33

DRO (assume
C20H42 as avg) 51.5 155 670 1,133 103
Residual Range
(assume C32H60
as avg) 50.3 8.6 33 60 75

PCP 8.0 0.01 0.88 0.12 4.24
Est. Soil Oxidant
Demand (SOD) - 2.0 2.0 2.0 2.0

Total

	

165

	

706

	

1,195

	

185
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The objective of the study is to evaluate the effectiveness of persulfate and permanganate
to reduce concentrations of PCP in soil. Therefore, a fifty percent reduction in PCP
concentration was deemed acceptable.

The estimated stoichiometric demand as a percentage is shown in Table 8. To achieve a
dosage of 50% of stoichiometric demand, 92 g persulfate/kg soil is required for sample SB-
D: 30-33.

Table 8.
Sodium Persulfate as a Percentage of Soil Stoichiometric Demand

g Persulfate/kg Soil
Percent to Meet
Stoichiometric Demand SB-A: 16-19 SB-A: 24-27 SB-A: 30-33 SB-D: 30-33

100% of Stoic Demand 165 706 1,195 185
75% of Stoic Demand 124 529 897 139
50% of Stoic Demand 83 353 598 92
25% of Stoic Demand 41 176 299 46
10% of Stoic Demand 17 71 120 18

Two of the soil samples received were tested for the effectiveness testing phase of the
study. The two samples tested were SB-A: 24-27 and SB-D: 30-33. The total target
dosage tested were 25% and 50% of the stoichiometric demand. For sample SB-A: 24-27,
the 25% stoichiometric total target dosage was 175 g persulfate/ kg of soil and 350 g
persulfate/kg soil for 50% total target dosage. For sample SB-D: 30-33, the 25%
stoichiometric total target dosage was 46 g persulfate/ kg of soil and 92 g persulfate/kg soil
for 50% total target dosage. As earlier discussed, the permanganate stoichiometric demand
was based on the persulfate demand. The initial dosage for SB-A: 24-27 was 43.8 g
sodium permanganate/kg soil and 23 g sodium permanganate/kg soil for SB-D: 30-33.
Addition permanganate dosages were based on the residual permanganate concentration,
total dosage applied, and DRO and PCP results.

The test dosages used in the initial study well exceed the dosage that can be applied in one
ISCO injection. This is due to the solubility of the oxidant and a mass that can be safely
applied in the field. Therefore, multiple additions of chemical were applied over a period
of 78 days to achieve the total target stoichiometric demand. An ISCO application of 12.5
mis of volume/50 g of soil is deemed acceptable for this site. This correlates to 60 gallons
of liquid/ton of soil or 84 gallons of liquid/cubic yard, assuming a soil bulk density of 1.44
tons/cubic yard. Other factors such as soil lithology influence the volume of liquid that can
be applied.

For persulfate treatment, activators are required. The amount and frequency of activator
addition depends on the activator and the persulfate dosage. For example, persulfate forms
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sulfuric acid during decomposition. The amount of sulfuric acid formed is dependent on
the persulfate addition and the decomposed amount of persulfate. To neutralize the sulfuric
acid and maintain a pH of greater than 10.5, sodium hydroxide is required for each
application. Hydrogen peroxide was added at a 1:1 molar ratio of hydrogen peroxide to
persulfate at each application. Iron was only added during the initial application since iron
will remain in the slurry and continue the reaction (catalyst). To maintain a pH range of 3
to 5 for effective iron persulfate activation, sulfuric acid is usually applied. In this study,
no sulfuric acid was added at any application since more than enough sulfuric acid was
formed from the decomposition of persulfate to maintain an acceptable pH level.

Table 10 shows the amount of oxidant and activator added for each application. For
clarification, the persulfate dosage is only listed once per application in the table but each
activated persulfate received the shown dosage plus activator. For example, in the first
application for sample SB-A: 24-27 at the 25% stoichiometric target, alkaline persulfate
was dosed with 43.8 g/kg persulfate and 16.8 g/kg NaOH. Peroxide activated persulfate
for the same sample received 43.8 g/kg persulfate and 6.2 g/kg hydrogen peroxide.

Multiple oxidant applications were applied over a 78 day period. Sample SB-A: 24-27
received persulfate applications at Day 1, Day 22, Day 49, and Day 78 (Table 10). Sample
SB-D: 30-33 received persulfate dosages at Day 1, Day 22, and Day 78 (Table 10). Note
that three persulfate applications were applied for sample SB-D: 30-33. The three
applications exceeded the target stoichiometric amounts of 46 and 92 g persulfate /kg soil.
The actual stoichiometric amount of persulfate added to sample SB-D: 30-33 was 69 g/kg
persulfate and 115 g/kg persulfate which correlates to 37% and 62% of the total
stoichiometric demand, respectively. Permanganate was applied Day land Day 78 (Table
10). Sample SB-A: 24-27 received 43.8 g/kg permanganate on Day 1 and Day 78 for a
total of 82.6 g/kg. Sample SB-D: 30-33 received 23 g/kg permanganate on Day 1 and 46
g/kg permanganate Day 78 for a total of 69 g/kg.
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Table 10.
Effectiveness Testing Round 1 - Oxidant Dosage Application

Application Chemical/Dosage SB-A: 24-27 SB-D: 30-33
Stoichiometric Target 25% 50% 25% 50%

Total Target Dosage, g/kg 175 350 46 92

Persulfate Dosage, g/kg 43.8 87.5 23 46
NaOH Dosage, g/kg 16.8 32.1 10.6 18.6

1st Application - Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6
11/18/13 (Day 1) Iron, mg/kg 300 300 300 300

Sodium Permanganate,
g/kg 43.8 NA 23 NA

Persulfate Dosage, g/kg 43.8 87.5 23 46

2nd Application
NaOH Dosage, g/kg 15.3 30.6 8.1 16.1

12/10/13 (Day Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6

22) Iron, mg/kg NA NA NA NA
Sodium Permanganate,

glkg NA NA NA NA

Persulfate Dosage, g/kg 43.8 87.5 NA NA
NaOH Dosage, g/kg 15.3 30.6 NA NA

3rd Application Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6
1/6/14 (Day 49) Iron, mg/kg NA NA NA NA

Sodium Permanganate,
g/kg NA NA NA NA

Persulfate Dosage, glkg 43.8 87.5 23 23
NaOH Dosage, g/kg 15.3 30.6 8.1 8.1

4th Application Hydrogen Peroxide, g/kg 6.2 12.5 3.3 6.6
214114 (Day 78) Iron, mg/kg NA NA NA NA

Sodium Permanganate,
g/kg 43.8 NA 46 NA

Persulfate Dosage, g/kg 175 350 69 115
NaOH Dosage, g/kg 63 124 27 43

Total Hydrogen Peroxide, g/kg 24.8 50 9.9 19.8
Iron, mg/kg 300 300 300 300

Sodium Permanganate,
g/kg 87.6 NA 69 NA

NA = Not
applied
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Various analytical tests were performed depending on the application day. On Day 22, and
Day 79, pH, TOD, and residual oxidant were measured. On Day 49 and Day 102, pH,
TOD, residual oxidant, arsenic, total chromium, copper, lead, DRO, and PCP were
measured. If analytical testing and oxidant addition fell on the same day, analytical testing
was performed prior to adding additional oxidant. Data for sample SB-A: 24-27 is shown
in Table 11. Data for sample SB-D: 30-33 is shown in Table 12.

Table 11.
Effectiveness Testing Round 1 - Analytical Data for Sample SB-A: 24-27

SB-A: 24-27

Test
Day Test/Units Control

Alkaline
Persulfate

Peroxide
Persulfate Iron Persulfate Permanganate

Total
Dosage

glkg NA 23.0 46.0 23.0 46.0 23.0 46.0 23.0

pH NA 10.30 13.49 3.50 2.70 2.66 2.42 NA
Day22

TOD, g/kg NA 19.9 35.6 19.1 26.7 19.2 26.4 6.6
Residual
Oxidant,

g/kg NA 3.1 10.4 3.9 19.3 3.8 19.6 16.4
Total

Dosage
g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

pH NA 12.19 12.75 2.45 2.18 2.40 2.18 NA

TOD, g/kg NA 39.2 55.9 37.9 50.7 38.1 51.7 11.5
Residual
Oxidant,

g/kg NA 6.8 36.1 8.1 41.3 7.9 40.3 11.5

As, mg/L <0.30 0.94 1.14 <0.30 <0.30 <0.30 <0.30 <3.0

Day 49
Cr (total),

mg/L <0.050 0.92 1.94 0.36 1.07 0.34 0.66 3.50

Cu, mg/L <0.050 0.060 0.073 1.44 2.92 1.60 2.52 1.14

Pb, mg/L <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 0.31 <3.0
DRO,
mg/kg 12,000 11,000 12,000 11,000 8,600 13,000 8,000 15,000

DRO, %
Reduction - 8% 0% 8% 28% -8% 33% -25%

PCP,
mg/kg 190 5.8 4.8 110 150 80 48 58

PCP, %
Reduction 97% 97% 42% 21% 58% 75% 69%

Urals Remediation Testing & Technologies, IAA-
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Table 11 (Cont.).
Effectiveness Testing Round 1 - Analytical Data for Sample SB-A: 24-27

P.

C

9

SB-A: 24-27

Test Day Test/Units Control
Alkaline

Persulfate
Peroxide

Persulfate
Iron

Persul fate Permanganate
Total

Dosage
g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

pH 6.30 10.64 12.90 2.47 2.38 2.42 2.29 8.96
D ay78

TOD, g/kg NA 38.7 52.7 37.4 47.9 37.4 47.5 >23.0
Residual
Oxidant,

g/kg NA 7.3 39.3 8.6 44.1 8.6 44.5 0.0
Total

Dosage
g/kg NA 69.0 115.0 69.0 115.0 69.0 115.0 69.0

pH NA 12.87 13.13 2.43 2.33 2.35 2.27 8.89

TOD, g/kg NA 58.5 59.5 56.6 52.3 56.8 52.7 39.1
Residual
Oxidant,

g/kg NA 10.5 55.5 12.4 62.7 12.2 62.3 29.9

As, mg/L <0.30 0.80 0.90 <0.30 <0.30 <0.30 <0.30 0.33

Day ] 02
Cr (total),

mg/L <0.050 0.90 1.17 1.04 1.64 0.81 1.26 2.23

Cu, mg/L <0.050 <0.050 <0.05 2.21 2.87 2.10 2.61 <0.050

Pb, mg/L <0.30 <0.30 <0.30 <0.30 0.41 <0.30 <0.30 0.93
DRO,
mg/kg 13,000 9,700 13,000 11,000 5,200 8,200 5,000 6,400

DRO, %
Reduction 25% 0% 15% 60% 37% 62% 51%

PCP,
mg/kg 130 4.6 <3.8 51 27 63 30 31

PCP, %
Reduction - 96% >97% 61% 79% 52% 77% 76%
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Table 12.
Effectiveness Testing Round 1 - Analytical Data for Sample SB-D: 30-33

SB-D: 30-33

Test
Day Test/Units Control

Alkaline
Persulfate

Peroxide
Persulfate Iron Persulfate Permanganate

Total
Dosage

g/kg NA 23.0 46.0 23.0 46.0 23.0 46.0 23.0

Day 22 pH NA 10.30 13.49 3.50 2.70 2.66 2.42 NA

TOD, g/kg NA 19.9 35.6 19.1 26.7 19.2 26.4 6.6
Residual
Oxidant,

g/kg NA 3.1 10.4 3.9 19.3 3.8 19.6 16.4
Total

Dosage
g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

pH NA 12.19 12.75 2.45 2.18 2.40 2.18 NA

TOD, g/kg NA 39.2 55.9 37.9 50.7 38.1 51.7 11.5
Residual
Oxidant,

g/kg NA 6.8 36.1 8.1 41.3 7.9 40.3 11.5

As, mg/L <0.30 0.94 1.14 <0.30 <0.30 <0.30 <0.30 <3.0

Day49

Cr (total),
mg/L <0.050 0.92 1.94 0.36 1.07 0.34 0.66 3.50

Cu, mg/L <0.050 0.060 0.073 1.44 2.92 1.60 2.52 1.14

Pb, mg/L <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 0.31 <3.0

DRO,
mg/kg 12,000 11,000 12,000 11,000 8,600 13,000 8,000 15,000

DRO, %
Reduction - 8% 0% 8% 28% -8% 33% -25%

PCP,
mg/kg 190 5.8 4.8 110 150 80 48 58

PCP, %
Reduction - 97% 97% 42% 21% 58% 75% 69%

Total
Dosage

g/kg NA 46.0 92.0 46.0 92.0 46.0 92.0 23.0

pH 6.30 10.64 12.90 2.47 2.38 2.42 2.29 8.96
Day 78

TOD, g/kg NA 38.7 52.7 37.4 47.9 37.4 47.5 >23.0
Residual
Oxidant,

g/kg NA 7.3 39.3

	

_ 8.6 44.1 8.6 44.5 0.0
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Table 12 (Cont.).
Effectiveness Testing Round 1 - Analytical Data for Sample SB-D: 30-33

SB-D: 30-33

Test Day Test/Units Control
Alkaline

Persulfate
Peroxide
Persulfate

Iron
Persulfate Permanganate

Total
Dosage

g/kg NA 69.0 115.0 69.0 115.0 69.0 115.0 69.0

pH NA 12.87 13.13 2.43 2.33 2.35 2.27 8.89
TOD, g/kg NA 58.5 59.5 56.6 52.3 56.8 52.7 39.1
Residual
Oxidant,

g/kg NA 10.5 55.5 12.4 62.7 12.2 62.3 29.9
As, mg/L <0.30 0.80 0.90 <0.30 <0.30 <0.30 <0.30 0.33

Day 102

Cr (total),
mg/L <0.050 0.90 1.17 1.04 1.64 0.81 1.26 2.23

Cu, mg/L <0.050 <0.050 <0.05 2.21 2.87 2.10 2.61 <0.050

Pb, mg/L <0.30 <0.30 <0.30 <0.30 0.41 <0.30 <0.30 0.93

DRO,
mg/kg 13,000 9,700 13,000 11,000 5,200 8,200 5,000 6,400

DRO, %
Reduction - 25% 0% 15% 60% 37% 62% 51%

PCP,
mg/kg 130 4.6 <3.8 51 27 63 30 31

PCP, %
Reduction 96% >97% 61% 79% 52% 77% 76%
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TOD results between activated persulfate chemistries were consistent throughout the study.
Comparing the three activated persulfate chemistries at the same dosage shows alkaline
activated persulfate TOD to be slightly higher than peroxide and iron activated persulfate.
For example, at Day 22, sample SB-A: 24-27, 43.8 g/kg persulfate dosage found a TOD of
alkaline persulfate of 36.6 g/kg, 27.5 g/kg for peroxide persulfate and 27.5 for iron
persulfate (Table 11). A slightly higher alkaline activated persulfate was observed for all
SB-A: 24-27 test days and dosage levels. Sample SB-D: 30-33 showed consistent TOD
results for peroxide and iron activated persulfate. Alkaline activated persulfate , also
showed a slightly higher TOD at each test day and dosage when compared to peroxide and
iron activated persulfate (Table 12).

Higher TOD results were observed with higher persulfate dosages. This was found for
each sample and every dosage (Tables 11 and 12). This is a typically observed with
persulfate.

A majority of permanganate was used within 49 days for sample SB-A: 24-27 (Table 11).
Permanganate was dosed at 43.8 g/kg sodium permanganate and after 49 days, the TOD
was 41.3 g/kg (2.5 g/kg residual). Sample SB-D: 30-33 was dosed at 23 g/kg sodium
permanganate and all of the permanganate was spent after 78 days (Table 12).

The pH levels were in excess of 10.5 for all alkaline activated persulfate dosages except
Day 22 for sample SB-D: 30-33, 23 g/kg dosage (Table 12). The pH was 10.30, which is
not unexpected since most of the persulfate was used and the formation of sulfuric acid
almost complete. Therefore, neutralizing most of the NaOH added. Peroxide and iron
activated persulfate each showed pH levels of 3.50 or less throughout the study (Tables 11
and 12). As discussed earlier, this was anticipated due to the large persulfate dosages and
subsequent large amount of sulfuric acid formed.

Dissolved metals analysis was conducted at Day 49 and 102. Alkaline activated persulfate
showed increased arsenic and chromium concentrations for samples SB-A: 24-27 and SB-
D: 30-33 when compared to their respective control (Tables 11 and 12). While peroxide
and iron activated persulfate showed no arsenic mobilization in either sample. Chromium
and copper concentrations were higher in the peroxide and iron activation with no
mobilization of copper in alkaline activation (Tables 11 and 12). Permanganate showed no
mobilization of arsenic and lead while chromium and copper was observed in samples SB-
A: 24-27 and SB-D: 30-33 (Tables 11 and 12). Depending on the chemistry and dosage,
metal mobilization was observed.

Persulfate dosages where based on stoichiometric demand of the samples. Stoichiometric
calculations showed the majority of the demand is from DRO (Table 7). Samples were
treated at 25% (175 g persulfate/kg soil) and 50% (350 g persulfate/kg soil) of total
stoichiometric demand for sample SB-A: 24-27. For sample SB-D: 30-33, 37% (69 g
persulfate/kg soil) and 62% (115 g persulfate/kg soil) was applied. A total permanganate
dosage of 87.6 g sodium permanganate/kg soil was added to sample SB-A: 24-27 and 69.0
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g sodium permanganate/kg soil to sample SB-D: 30-33. A breakdown of oxidant and
activator added for each application is shown in Table 10.

DRO and PCP testing was conducted on Day 49 and 102. Total activated persulfate
dosages at Day 49 for sample SB-A: 24-27 were 87.5 g persulfate/kg soil (12% of total
stoichiometric requirement) and 175 g persulfate/kg soil (25% of total stoichiometric
requirement). At day 102, sample SB-A: 24-27 received 175 g/kg persulfate (25% of total
stoichiometric requirement) and 350 g/kg persulfate (50% of total stoichiometric
requirement). Sodium permanganate dosages for sample SB-A: 24-27 was 43.8 g/kg at
Day 49 and 87.6 g/kg at day 102.

Total activated persulfate dosages at Day 49 for sample SB-D: 30-33 were 46.0 g
persulfate/kg soil (25% of total stoichiometric requirement) and 92.0 g persulfate/kg soil
(50% of total stoichiometric requirement). By day 102, sample SB-D: 30-33 had received
69.0 g/kg persulfate (37% of total stoichiometric requirement) and 115 g/kg persulfate
(62% of total stoichiometric requirement).

Sodium permanganate dosages for sample SB-D: 30-33 were 23 g/kg at Day 49 and 69.0
g/kg at day 102.

Comparing the control to the treated samples shows some variability in DRO concentration
reduction for samples SB-A: 24-27 and SB-D: 30-33. No significant reduction in DRO
concentration was observed for sample SB-A: 24-27 (Table 11) and SB-D: 30-33 (Table
12) at Day 49 regardless of oxidant and dosage. Although some dosages and oxidant
showed a reduction in DRO levels, there is enough variability in the data not to show
equivocally a net reduction. Data from Day 102 shows no significant difference between
the control and persulfate treated SB-A: 24-27 samples (Table 11). Sample SB-D: 30-33
peroxide and iron activated persulfate treatments dosages suggest a slight reduction in
DRO concentrations (Table 12). No apparent DRO reduction was observed with alkaline
activation in sample SB-D: 30-33. A permanganate dosage of 69.0 g sodium permanganate
/kg soil did show a reduction in DRO when compared to the control, but based on the
ineffectiveness of permanganate to mineralize petroleum hydrocarbons, the perceived
reduction is attributed to variability.

Based on the DRO data, TOD, and residual oxidant, activated persulfate does not appear
effective in lowering DRO concentrations when dosages as high at 62% of the sample
stoichiometric demand are tested.

Significant PCP concentration reduction was observed with all activated persulfate
chemistries and permanganate. PCP concentration in the control SB-A: 24-27 at Day 49
was 45 mg/kg. Alkaline persulfate treatment at 87.5 and 175 g persulfate/kg soil found
PCP concentrations of 3.6 mg/kg and 2.2 mg/kg, respectively (Table 11). These dosages
correlate to 12% and 25% of the total stoichiometric requirement. Peroxide and iron
activated persulfate also showed significant PCP reductions at Day 49 (Table 11).
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Peroxide activation found 14 mg/kg PCP at the 87.5 g persulfate/kg soil dosage and 12
mg/kg PCP at the 175 g persulfate/kg soil. Iron activated persulfate found similar results to
the peroxide activated persulfate. At the 87.5 g persulfate/kg soil dosage, 11 mg/kg PCP
was reported and 13 mg/kg PCP at the 175 g persulfate/kg soil dosage. Permanganate also
effectively reduced the PCP concentration. At a permanganate dosage of 43.8 g sodium
permanganate/kg soil, 4.8 mg/kg PCP was reported (Table 11).

At Day 102 and persulfate dosages of 175 and 350 g persulfate/kg soil, significant PCP was
observed. Comparing the control SB-A: 24-27 PCP concentration of 31 mg/kg to the
persulfate activated treatments found alkaline activated persulfate PCP concentration below
detection limit for both dosages (Table 11). Peroxide activation found 7.3 mg/kg PCP at
the 175 g persulfate/kg soil dosage and 7.4 mg/kg PCP at the 350 g persulfate/kg soil. Iron
activated persulfate found similar results to the peroxide activated persulfate. Peroxide
activated persulfate found 7.3 mg/kg PCP at the 175 g persulfate/kg soil dosage and 7.4
mg/kg PCP at the 350 g persulfate/kg soil dosage. Iron activated persulfate found 8.6
mg/kg PCP at the 175 g persulfate/kg soil dosage and 11 mg/kg PCP at the 350 g
persulfate/kg soil dosage. At a permanganate dosage of 87.6 g sodium permanganate/kg
soil, <3.3 mg/kg PCP was reported (Table 11). A comparison between the Day 49 175 g
persulfate/kg soil dosage to Day 102 175 g persulfate/kg soil dosage can be made.
Comparing the data shows Day 49 175 g persulfate/kg soil dosage PCP concentration of
2.2 mg/L and Day 102 175 g persulfate/kg soil dosage PCP concentration of <4.7 mg/kg.
Essentially, the majority of the PCP is treated. This data would suggest that the alkaline
persulfate PCP reaction is complete within 49 days at the dosages applied. Comparing the
peroxide and iron activated PCP data for the same dosage and days may not suggest a
complete reaction (Table 11).

Effective PCP treatment was also found in Sample SB-D: 30-33 when treated with
activated persulfate and permanganate. The SB-D: 30-33 control concentration of 190
mg/kg PCP is roughly four times higher than the SB-A: 24-27 sample and the dosage levels
applied in SB-D: 30-33 are less than that applied for SB-A: 24-27. Although the PCP
concentration is higher and the treatment dosages lower, significant PCP reduction was
observed at Day 49 and Day 102. Alkaline persulfate treatment at 46 and 92 g
persulfate/kg soil found PCP concentrations of 5.8 mg/kg and 4.8 mg/kg, respectively
(Table 12). These dosages correlate to 25% and 50% of the total stoichiometric
requirement. Peroxide and iron activated persulfate also showed PCP reductions at Day
49, although iron activation appears to be more effective than peroxide activated (Table
12). Peroxide activation found 110 mg/kg PCP at the 46 g persulfate/kg soil dosage and
150 mg/kg PCP at the 92 g persulfate/kg soil. Iron activated persulfate found lower results
to the peroxide activated persulfate. At the 46 g persulfate/kg soil dosage, 80 mg/kg PCP
was reported and 48 mg/kg PCP at the 92 g persulfate/kg soil dosage. Permanganate also
effectively reduced the PCP concentration. At a permanganate dosage of 23 g sodium
permanganate/kg soil, 58 mg/kg PCP was reported (Table 12).
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At Day 102 and persulfate dosages of 69 and 115 g persulfate/kg soil, significant PCP was
observed. Comparing the control SB-A: 24-27 PCP concentration of 130 mg/kg to the
persulfate activated treatments found alkaline activated persulfate PCP concentration of 4.6
mg/kg for the 69 g persulfate/g soil dosage and <3.8 mg/kg PCP for the 115 g persulfate/kg
soil dosage (Table 12). Peroxide activation found 51 mg/kg PCP at the 69 g persulfate/kg
soil dosage and 27 mg/kg PCP at the 115 g persulfate/kg soil. Iron activated persulfate
found similar results to the peroxide activated persulfate. Iron activated persulfate found
63 mg/kg PCP at the 69 g persulfate/kg soil dosage and 30 mg/kg PCP at the 115 g
persulfate/kg soil dosage. At a permanganate dosage of 69 g sodium permanganate/kg soil,
31 mg/kg PCP was reported (Table 12).

Based on this study, a 97% PCP reduction or greater can be achieved with alkaline
activated persulfate. An alkaline activated dosage rate as low as 87.5 g persulfate/kg soil
reduced the PCP concentration to 3.6 mg/kg PCP in SB-A: 24-27. An alkaline activated
persulfate dosage of 46 g persulfate/kg reduced PCP to 3.6 mg/kg in SB-D: 30-33. Higher
dosages and longer reaction times did not significantly improve the performance of alkaline
activate persulfate. Peroxide and iron activated persulfate also reduced PCP concentrations
but not as effectively as alkaline activated persulfate. Residual persulfate was found at
each dosage and each test date. The residual persulfate concentration was dependent on the
dosage applied and/or the date analyzed. In general, higher residual persulfate
concentrations were observed with higher dosages. Significant reduction in PCP
concentrations was observed within 49 days. Additional persulfate and longer reaction
times resulted in higher persulfate demands but no additional significant reduction of PCP.
This would suggest that kinetics of the PCP alkaline persulfate reaction is faster than the
reaction of persulfate with other compounds in the soil and groundwater. Therefore, lower
dosages and shorter reactions times can be applied which will decrease field
implementation and lower oxidant costs.

Permanganate was effective in reducing PCP concentrations at 87.6 g sodium
permanganate/kg soil.

Effectiveness Testing Round 2 (49 Day Treatment - June 26 - August 14, 2014)

Round 1 testing showed alkaline activated persulfate to be more effective in reducing PCP
concentrations than either peroxide activated persulfate, iron activated persulfate and
permanganate. Round 1 testing at 49 days found alkaline activated persulfate significantly
reduced PCP concentrations and found measurable concentrations of residual persulfate -
suggesting that a shorter reaction time and lower persulfate dosage is feasible.. A second
round of testing was conducted where the alkaline activated persulfate dosages were
reduced with a treatment period of 49 days.

Round 1 testing showed alkaline activated persulfate dosages of up to 46.0 g persulfate/kg
reduced PCP concentration of greater than 97% within 49 days and had measureable
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residual persulfate. Round 2 testing was conducted with alkaline activated persulfate at
doses lower than 46.0 g persulfate/kg soil.

Alkaline activated persulfate dosages of 8 g persulfate/kg , 16 g persulfate/kg, and 23 g
persulfate/kg soil where allowed to react for 49 days for samples SB-A: 24-27 and SB-D:
30-33 in Round 2. Dosages for each sample are shown in Table 13, including the sodium
hydroxide dosages required to maintain a pH of > 10.5. After 49 days, the samples were
analyzed for residual persulfate, pH, PCP and DRO. Results for sample SB-A: 24-27 are
shown in Table 14 and Table 15 for SB-D: 30-33.

Table 13.
Effectiveness Testing Round 2 - Oxidant Dosage Application

Application Chemical]Dosage SB-A: 24-27 SB-D: 30-33

Application -
6/26/2014 (Day 1)

Persulfate Dosage,
g/kg 8.0 16.0 23.0 8.0 16.0 23.0

NaOH Dosage,
g/kg 4.2 7.0 9.5 5.3 8.1 10.6

Table 14.
Effectiveness Testing Round 2 - Analytical Data for Sample SB-A: 24-27

SB-A: 24-27 (Day 49)
Sample ID Control AlkalinePersulfate

Dosage g/kg NA DUP 8.0
8.0

DUP 16.0
16.0
DUP 23.0

23,0
DUP

pH NA NA 9.28 NA 9.34 NA 9.59 NA
TOD, g/kg NA NA 6.8 NA 13.8 NA 19.8 NA

Residual
Oxidant, g/kg NA NA 1.2 NA 2.2 NA 3.2 NA
DRO, mg/kg 10,000 NA 9,800 NA 8,900 NA 11,000 NA

DRO, %
Reduction - 2% NA 11% NA -10% NA

PCP, mg/kg 19 9.9 7.4 7.5 6.2 8.2 8.4 7.7

PCP, %
Reduction - - 49% 48% 57% 43% 42% 47%

Remediation
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Table 15.
Effectiveness Testing Round 2 - Analytical Data for Sample SB-D: 30-33

SB-D: 30-33 (Day 49)
Sample ID Control AlkalinePersulfate

Dosage g/kg NA DUP 8.0
8.0

DUP 16.0
16.0
DUP 23.0

23.0
DUP

pH NA NA 10.30 NA 10.02 NA 10.11 NA
TOD, g/kg NA NA > 8 NA 15.0 NA 20.8 NA

Residual
Oxidant, g/kg NA NA ND NA 1.0 NA 2.2 NA
DRO, mg/kg 12,000 NA 14,000 NA 14,000 NA 15,000 NA

DRO, %
Reduction - -17% NA -17% NA -25% NA

PCP, mg/kg 18 22 26 26 20 6.2 9.0 6.3

PCP, %
Reduction -30% -30% 0% 69% 55% 69%

The pH for each sample and dosage was slightly lower than the target pH of> 10.5.
Although, most if not all of the persulfate was spent in the samples, therefore the pH was
expected to be lower. As found in Round 1 testing, the higher the persulfate dosage the
higher the TOD result. At 49 days post treatment, little if any persulfate remained in the
samples regardless of dosage.

The DRO Control concentration for sample SB-A: 24-27 was 10,000 mg/kg (Table 14). This
is slightly higher than the control at 49 days in Round 1 for the same sample (7,200
mg/kg). DRO concentration for sample SB-D: 30-33 control was identical for Round 1 and
Round 2 testing of 12,000 mg/kg DRO (Table 12 and Table 15). No apparent reduction in DRO
concentrations was observed in either SB-A: 24-27 or SB-D: 30-33 at the dosages tested in Round
2. This is consistent with Round 1 testing where there was not conclusive evidence for DRO
reduction.

Control PCP concentrations were lower in Round 2 than Round 1 for both samples. Sample SB-A:
24-27 Round 1 control sample at 49 days found a PCP concentration of 45 mg/kg (Table 11) and a
Round 2 control concentration of 19 mg/kg and 9.9 mg/kg in the sample duplicate (Table 14). SB-
D: 30-33 showed significantly lower concentrations in the Round 2 control than the Round 1
control. Round 2 control found 18 mg/kg PCP in the sample and 18 mg/kg in the sample duplicate
(Table 15). Round I control had found 190 mg/kg PCP (Table 12). The SB-D: 30-33 control
sample was re-extracted and reanalyzed to confirm the PCP concentration. A reanalysis result of
22 mg/kg PCP was found (reanalysis data not shown in Table 14). Unlike the DRO concentrations
which found consistency between rounds, PCP concentrations were lower in Round 2 controls than
in Round 1 controls. Round 2 sub-samples were taken from a different sample jar than the soil
used in Round 1 testing. Variability within the sample jars may explain the differences observed
between Round 1 and Round 2 PCP concentrations.

isus Rrn i.^•1i j ut1 ^:

	

-

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413 Page 23 of 58



v
AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

PCP reduction was not as evident in Round 2 testing as Round 1 testing. This was anticipated since
the objective was to lower persulfate dosages with the goal of obtaining a minimum dosage that can
significantly reduce PCP concentrations. Round 1 found PCP reductions of greater than 97% for
both samples while Round 2 varied between 42 to 57% reduction for sample SB-A: 24-27 and 0 to
69% reduction for sample SB-D: 30-33. For sample SB-A: 24-27, no significant difference was
observed between the each dosage tested and the control (Table 14). The 8 g persulfate/kg dosage
performed as well as the 16 g persulfate/kg and 23 g persulfate/kg sample. Sample SB-D: 30-33
did show an effectiveness difference between dosages (Table 15). The 8 g persulfate/kg dosage and
one of the 16 g persulfate/kg results showed no PCP reduction. In fact, the reported results were
higher than the control value. The 23 g persulfate/kg dosage found a 55 and 69% reduction in PCP
levels.

SUMMARY/DISCUSSION

Alkaline, peroxide, and iron activated sodium persulfate, and permanganate chemistries
were tested to measure reductions of DRO and PCP concentrations in soil and groundwater
slurries. The objective was to lower PCP levels.

TOD testing was conducted prior to effectiveness testing to determine the demand for the
chemistries and to assist in defining dosages for effectiveness testing. The TOD found
inconclusive data to set the effectiveness dosages. Therefore, Round 1 dosages where
based on calculations to estimate potential stoichiometric demand due to DRO.

Round l effectiveness testing was performed on the two slurry samples using the defined
oxidants. A 97% PCP reduction or greater can be achieved with alkaline activated
persulfate in the doses employed during Round 1. An alkaline activated dosage rate as low
as 43.8 g persulfate/kg soil reduced the PCP concentration to 3.6 mg/kg PCP in SB-A: 24-
27 at 49 days treatment. An alkaline activated persulfate dosage of 46 g persulfate/kg
reduced PCP to 4.8 mg/kg in SB-D: 30-33 at 49 days treatment. In both cases, significant
amounts of residual persulfate remained during Round 1. Higher dosages and longer
reactive times did not significantly improve the performance of alkaline activate persulfate.
Peroxide and iron activated persulfate also reduced PCP concentrations but not as
effectively as alkaline activated persulfate. Permanganate was effective in reducing PCP
concentrations at 87.6 g sodium permanganate/kg soil.

During Round 2 effectiveness testing, lower persulfate dosages where tested to measure the
limits of PCP treatment effectiveness. Dosages of 8 g persulfate/kg, 16 g persulfate/kg,
and 23 g persulfate/kg found lower treatment effectiveness than dosages near 45 g
persulfate/kg. PCP concentration reduction of up to 69% was achieved within 49 days with
no significant residual persulfate remaining at the Round 2 dosages.

Dosages where based on stoichiometric demand of DRO, residual hydrocarbons, and PCP
concentrations. Stoichiometric calculations found most of the demand from DRO. It was
assumed that persulfate would react with DRO, residual hydrocarbons, and PCP equally.
This study found significant reduction in PCP concentrations while little if any reduction in
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DRO concentrations. This shows alkaline persulfate is preferentially treating PCP over
DRO and residual hydrocarbons.
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0112712014

Purchase Order M:

Analyse Result Units

Inorganic Results

Solids, Percent 70.3 %

Organic Results

Diesel Range Organics 12000 mglkg

Penlachbrophenol 1so «glkg

CT LAB Sample' 417129 Sample Description: SB-D-30-33 CONTROL

LOD

0.1

510

13

Loa Dilution

	

Qualifier

0.1 1 01/212014 08:50 BMS EPA 8000C

1700 10 M 01109031414:00 01/2302014 21:02 JJY EPA8015C

45 20 0110912014 14:00 01/1302014 18:18 RPN EPA 82700

Prep
Daierrime

Analysis Analyst

	

Method
DatelTime

Sampled: 0110012014 1300

CT LAB Sample/; 417130 Sample Description: SE-D-30-33 ALK PERS 46

	

Sampled: 0110612014 130D

Analyte Result Units L00 LOG Dilution Qualifier Prep
DaterTlme

Analysis
Dateflkme

Analyst Method

Inorganic Results

Solids, Percent

Organic Results

66.9 % 0.1 0.1 011212014 0550 BMS EPA 8000C

Diesel Range Organics 11000 mglkg 520 1700 10 0110912014 14:00 0112312014 11:30 JJY EPA 8015C

Pentachknophenol 5.8 mglkg 3.5 12 5 0110912014 14:00 01117/2014 11:29 RPN EPA8270D

Solid sample results reported on a Dry Weight Basis

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LABORFl TORIES
rl+ln varrr.q r c r! r4.1.: clnM, lrrrn vuu, Ar,,•irs+•rmP^rrrir :lr^cr rv- `

URSUS REMEDIATION TESTING 6 TE

Protect Name AMEC - JH BAXTER

Project R

Project Phase -

Contract* 2008

Folder # . 102W

Page 2 or 8

1 CT LAB Sample*: 417131 Sample Deacnplon. SRO-3033 ALK PERS 92

	

Samoyed. 011061201413CU

Prep
DatelTime

Analysis Analyst

	

Method
DatelTime

LOD Dilution

	

QualifierResult Units LOQAnalyte

540

	

1800

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

66.7

	

%

12000

	

mgacg

0112112014 0850 BMS EPA 80000

0110912014 14:03 0112312014 1203 JJY EPA 80150

Pentachbrophencl

	

4.8

	

14

	

4.8

	

2

	

011091201414:03 0111712014 11:48 RPN EPA 82700

CT LAB Sampled!: 417132 Sample Description: SB D30-33 H202 PERS 48

	

Sampled: 0110620141300

Prep
DatefTime

Analysis Analyst

	

Method
Datefllme

LOD Dilution

	

QualifierLOQUnitsResultAnalyte

510

	

1700

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

69-3

	

%

11000

	

rrgntg

0112112014 08:50 BMS EPA 8000C

01/09t201414:00 0112312014 1236 JJY EPA 80150

Pentachloropherrol

	

110

	

17

	

58

	

2s

	

01109120141400

	

0111712014 10:52 RPN EPA 82700

1
CT LAB Samplek: 417133 Sarrpie Description: SB•D•30.33 H202 PERS 92

	

Sampled: 0110812014 1300 1
Prep

DateTlme
Analysis Analyst

	

Method
DateRlrne

LOD Dilution

	

QualifierResult Units LOQAnalyte

Inorganic Results

Solids, Percent 67.7

	

% 0.1

	

0.1

	

1 0121/2014 0850 BMS EPA 80600

Organic Results

Solid sample results reported on a Dry Weight Basis

I frsus Remediation Testing & Technologies, LLC

Page 28 of 58200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T Lfl BORflTORl{S
URSUS REMEDIATION TESTING & TE

Protect Name. AMEC - JH BAXTER

Qryect#

Project Phase'

Contract* 2099

Folders 102085

Page 3of8

CT LAB SampleM: 417133 Sarno* Descrpton: SR-D-30-83 H202 PERS 92

	

Sang led 0110812014 1300

Prep
Dater!' lm e

Analysis Analyst

	

Method
DatelTime

LODResult Units LOOAnalyte Dilution

	

Qualifier

Diesel Range Organics

	

8600

	

n'Iglkg

	

530

	

1700

	

10

	

0110912014 14:00 0112312014 13:09 JJY EPA 8015C

Penhachlarophenol

	

150

	

7.1

	

24

	

10

	

01081201414:00 0111312014 2208 RPN EPA8270D

CT LAB Sampled 417134 Sample Description: S8-D-30-33 FE PERS 46

	

Sampled. 0110812014 1300

Analysis Analyst

	

MethodPrep
Date&Time Oaten-1me

Analyte Result Units LOD LOO Dilution

	

Qualifier

5201

	

1700

	

10

Inorganic Results

Solds. Percent

Organic Results

Diesel Range Organics

68.9

	

96

13000

	

rrgrkg

0112172014 08:50 BMS EPA 8000C

01092014 14:00 0112312014 13:42 JJV EPA 8015C

Pentachbrophenrl

	

60

	

rngrkg

	

6.9

	

23

	

10

	

0110912014 14:C0 0111312014 2232 RPN EPA82700

CT LAB Sample* 417135 Sample Descriptor: SB-D-30-33 FE PERS 92

	

Sampled. I7110812014 1300

Analysis Analyst

	

MethodPrep
Daterrime Datemime

LODResult Units LOQ Dilution

	

qualifierAnalyte

Inorganic Results

Solids. Percent

Organic Results

Diesel Range Organics

Pentachbrophenol

68.6

	

96

6000

	

nrgrkg

	

520

	

1700

	

10

48

	

mgrkg

	

3.5

	

12

0112112014 08:50 BMS EPA 8000C

01109/201414:00 0112312014 14:16 JJY EPA 80150

0109201414:00 011132014 20.34 RPN EPA 8270D

11rstls Remediation Testing R Technnlot!ies. LI C

200 E Lincoln Street, Mount Horeb, WI 53572 (648)-437-7413

	

Page 2R of 58

Sulid sample results reported on a Dry Weight Basis



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LOBORfTORIES
Ct411M^N,t •:3 mpfr IhZrf '/fIAJ hwrr) VAlff 1!R^•Ift lfllm^? r^rgl ,T

URSUS REMEDIATION TESTING & TE

Proles.' Name, AMEC - JH BAXTER

Pratect#

Pryect Phase:

Contract* 2068

Folder It 102085

Page 4 of 8

Sample Description: SEND-30-33 PERM 23

Result

	

Units LOD

70.3

	

%

15000

	

rrlg4rg

3e

	

nag

3.1

510

13

Sample Description: SB-A-24-27 CONTROL

Result Units LOD

CT LAB Samples, 417130 Sanaled 01108/20141300

Analyse

Inorganic Results

Solids. Percent

Organic Results

Diesel Range Organics

Pentachlorophenol

CT LAB Sampldf€ 417137

LOO Mallon

	

Qualifier Prep
DatelTlme

Analysis Analyst

	

Method
Date/Time

0111"191201414:00 0112312014 14:49 JJY EPA 60150

0112112014 0650 9515 EPA 6000=

45 20 011791201414:00 0111712014 11:10 RPN EPA 82700

Sampled 011052014 1300

LOO Mullen QualifierAnalyte

O1

1700

	

10

Prep
DatelTime

Analysis Analyst Method
Date/Time

500

	

1600

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

727

	

%

7200

	

mglkg

0112112014 08:50 BMS EPA 80000

01/091201414:00 0112312014 15:23 JJY EPA 80150

Pentachlorophemol

	

45

	

9

	

6.5

	

22

	

10

	

M

	

011191201414.00 0111712014 11:27 RPN EPA82700

CT LAB Sarnple*. 417138 Sample Description: SB-A-24-27 ALK PEPS 87.5

Analyte Result Units LOD

Sampled. 01106720141300

Prep
Date/Time

Analysts Analyst

	

Method
DatelTime

LOQ Dilution

	

Qualifier

Inorganic Results

Solids, Percent 69.2

	

% D.1

	

0.1 01/2112014 08:50 SIRS EPA 6000C

Organic Results

1 trout Remedial ion Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413 Page 30 of 58

Solid sample results reported on a Dry Weight Basis



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

[T LABORI TORIES
URSUS REMEQIATION TESTING & TE

Pro ecl Name' AMEC -1H BAXTER

P roject it
q ropect Phase'

Contract It 2089

Polder # 102095

Page 5ot8

CT LAB Sample4: 417138 Sample Descriptor 5B-A. 24 .27 ALK PERS 87 5

	

Sa waled 01 10 812 01 a 13co

Analyte Result Units LOD Loa Dilution Qualifier Prep
DatelTime

Analysis

	

Analyst
Date/Tim e

Method

Diesel Range Organics

Pentachlorophenol

9200

3.6

mglkg

rnglig

520

0.69

1700

2.3

10 01109/2014 14:00

011091201414:00

0112312014

0111312014

15:56

	

JJY

15:10

	

RAN

EPA 8015C

EPA B270D

CT LAB Sampledd: 417139 Sample Description. SB-A-2427 ALK PERS 175 Sampled, 01106'20141300

Analyte Result Units LOD LOa Dilution Qualifier Prep
Datertime

Analysis
Date/Tim

Analyst
e

Method

Inorganic Results

Solids, Percent 65.7 %

Organic Results

Diesel Range Organics 11000 mglkg

Pentechlorophenor 2.2 mpg

0112112014 0&50 EMS EPA 80000

0110191201414'00 01/2312014 16.30 JJY EPA8015C

011091201414:00 D111312014 14:50 RPN EPA 82700

540

	

1800

	

10

0.74

	

2.5

CT LAB Sample: 417140 Sample Description: SB-A-24-27 H202 PERS 87 5 Sampled: 01106'20141300

Analyse Result Units LOD LOO Dilution Qualifier PTQp
Dater Time

Analysis

	

Analyst
Date/Time

Method

Inorganic Results

Solids, Percent

Organic Results

75.9 % 0_i 0.1 01/2112014 0650 EMS EPA 80000

Diesel Range Organics 7600 rr>glkg 470 1500 1D 011091201414:00 0112312014 18:12 JJY EPA 8015C

Pentathlorop5enol 14 mg/kg 6.3 • 21 1 D 011091201414:00 0111712014 1209 RPN EPA 82700

Irsus Remediation Testing & Technolo gies. I

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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Solid sample results reported on a Dry Weight Basis



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T LABORATORIES
URSUS REM EDIATION TESTING & TE

Protect Name AMEC -.51 BAXTER

Prgoct C

Prgect Phase

Contract* 2088

Felder # 102085

Page 6 o18

CT LAB Sampidl: 417141 Sample Description: SB-A-24-27 11202 PERS 175

	

Satisfied 01106r2014 1303

Dilution

	

Qualifier Prep
051811lme

Analysis Analyst

	

Method
DatefTime

LODResult Units LOQAnalyte

480

	

1600

	

10

Inorganic Results

Scuds, Percent

Organic Results

Diesel Range Organics

74.4

	

%

6200

	

rrgllg

01121(2014 08:50 BMS EPA 80000

01109(201414:00 01(23(2014 18:48 JJY EPA 8015C

Pentachlorophenol

	

12

	

1.3

	

43

	

2

	

01109201414:00 0111312014 19:01 RPN EPA 8270D

CT LAB Sample# 417142 Sample Description, SB-A-24-27 FE PERS 87.5

	

Sampled: 0110812014 1300

Prop
Distaff Ime

Analysis Analyst

	

Method
Dater!'ime

LOD Dilution

	

QualifierLOQunitsResultAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

70.6

	

16

5100

	

rngRcg

01

	

0.1

	

1

510

	

1700

	

10

01212014 0850 BMS EPA 80000

011091201414:00 0112312014 1829 JJY EPA 6015C

Pentachlorophenol

	

11

	

1.4

	

4.8

	

2

	

01039120141400 0111312014 19:24 RPN EPA 82700

CT LAB Sample# 417143 Semple Description: SB-A-24-27 FE PERS 175

	

Sampled: 01/1&20141300

Prep
DaterTlme

Analysis Analyst

	

Method
DatMlme

LOD Dilution

	

QualifierLoaUnitsResultAnalyte

Inorganic Results

Solids, Percent ?al

	

16 012112014 08:50 BMS EPA 8000C

Organic Results

Ursus Romediatir n Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (6018)-437-7413 Page 32 of 58

Sold sample results reported on a Dry Weight Basis



AMEC Environment & Infrastructure
October 28, 2014
HI Baxter - Arlington, WA

(T LII RORI TORIES
URSUS REMEDIATION TESTING 8 TE

Primed Namr AMEC - JH BAXTER

rimed #
Prefect Prase:

Contract It 2089

Folder # 102085

Page 7 ofB

CT LAB Sample* 417143 Sample Descnphnn SB-A-24-27 FE PERS 175 Sarno led. 01067014 1 3 00

Analyte Result Units

Diesel Range Organics 6100 mglkg

PentachtorophenoI 13 Milks

LOD DilutionLOO

510

	

1700

	

10

1.4 24.5

Qualifier Prep
DatelTime

Analysis

	

Analyst
DatefTima

Method

011091201414:00 0112312014 1954 JJY EPA &015C

01/00/2014 14-00 0111312014 1947 RPN EPA82700

CT LAS Sample# 417144 Sample Description. SB-A-24-27 FE PERM 23

Analyse Result Units LOD

inorganic Results

Solids, Percent 77.4 % 0.1

Organic Results

Diesel Range Organics 7200 mgrrg 460

Pentachlorophenol 4-B rrrgrlrg 1.2

Ursus Remediation Testin g & Technolo g=ies. LL('

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413

Sampled: 0110612014 1 300

LOO Dilution

	

Qualifier Prep
Date/rime

Analysis

	

Analyst
DatemTime

Method

0.1 1 01121/2014 00:50 EMS EPA 60000

1500 10 0163812014 14:00 01123!2014 20,28 JJY EPA 8015C

4.1 2 01139201414:00 0111372014 2010 RPN EPA 62720

Page 33 of 58

Solid sample result reported on a Dry Weight Basis



AMEC Environment & Infrastructure
October 28, 2014
.11-1 Baxter - Arlington, WA

CT LfIBORflTORICS, firm- . ,Arr, dare lrnm

	

,erWys*.,

URSUS REMEDLATION TESTING & TE
Project Name: AMEC - JH BAXTER
Project*:
Project Phase'.

Contract* 2089
Felder x: 102085
Page 8of8

Notes: Indicates Value in between !he LOD (Emit of detection) and the LOO (limit of qu stleeon).

All samples were received intact and property preserved unless othorwtso noted. The results reported relate onlym the samples tested. This report shalt not be
reproduced, except in MI, without written approval of this faborefory. The Chain of Custody is attached.

QC Qualitlers

Code Description Current CT Laboratories Certifications
B Analyte detected In the associated Method Blank. lihnois NELAP ID# 002413
C Toxicity present in BOD sample. Kansas NELAP ID# E-10368
D Diluted Out. Kentucky ID# 0023
E Safe, No Total Colifumr detected. Pennsylvania NELAP ION 68-04201
F Unsafe, Total Conform detected, no E. Con detected.
t3 Unsafe, Total Coliform detected and E. Coll detected.

New Jersey NELAP ID# VNOO1

H Holding time exceeded. North Carolina ID# 674

J Estimated value. Wisconsin {VVDNR} Chemistry ID# 157066030

L Significant peaks were detected outside the chromatographic window. Wisconsin (DATCP) Bacteriology ID# 105-259
M Matrix spike andlor Matrix Spike Duplicate recovery outside acceptance limits. DnD-FLAP A2LA Cart # 3317.013
N Insufficient BOO oxygen depletion Alaska ID it UST-099
O Complete BOD oxygen depletion. Louisiana ID #115843
P Concentration of analyse differs more than 40% between primary and confirmation analysis.

Virginia ID# 460203
O Laboratory Control Sample outside acceptance unfits.

ISO/I EC 17023-2005 A2LA Gert # 3317.01
R
S

See Narrative at end of report
Surrogate standard recovery outside acceptance limits due to apparent matrix effects. GA EPD Stipulation ID 115843, Expires Annually

T Sample received with improper preservation or temperature.
U Analyte concentration was below detection limit.
V Raised Ouantitation or Reporting Limit due to limited sample amount or dilution for matrix background interference.
W Sample amount received was below program minimum.
X Analyte exceeded calibration range.
Y ReplicateiDuplicate precision onside acceptance limits.
Z Specified calibration criteria was not met.

Submitted by.

	

Pal M. Lamer
Project Manager
60&356-2760

tlrsus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, W153572 (608)-437-7413

	

Page 34 of 58



AMEC Environment & Infrastructure

October 28, 2014

JH Baxter - Arlington, WA

VoIrniaMS

Chain of Custody Page	 (	 or ^"'

v

Company Name Onus Remedlalion Ted ing&Technolgucs rind Samples Its Laboratory

	

Only

Address. 200

	

Lincoln Si Urns Remediation Testing & Tech Toe Nest

	

NoProtect Contact: Andy Wenzel

Czly/State/zip Mount Horeb WI 53572 Telephone 600-437-7413 200 F. Lincoln Street

ti.J

++

Project Name: AMEC - TBaxtern Mount Iloreb, WI 53572

^^jj
(^ .y' C	t`1 r+

	

cI S' Ir`^ll

Project Number: NA P11608-437-7413

Prgect 1.ecatien: NA

Sampled By: ADW

Preservations A,None
Client Sample Collection Method Cowmnente

C-H250a
O.I0400
F°NaOH
Menton
O^Other

Z

_ FCollection Grab/ Sample ID

Description
F01'd
Y/N

lab ID ir
Date Time Comp rill in Spaces with Bottles pet Ten

1/6/7014 100 PM Grab S8-0-30-33 Central N S x : ............................................ ^l t }t 1 ^f

1/6/7!14 +

	

1;00 PM Grab SD-63633 Alk Per, 46 pA49 N 5 it x 1v0er x:

	

1020`)5 13 or`

1/6/2014 1:00 PM Grab SB-0.30.33 Alk Pen 92 9Ik9 N S : it 1'M111im1`•. t'RSI.'S RE\4EI)T:\TIOJV 13

	

f

1/6/2014 190 PM Grab SO-D-30-33 N202 Per, 46 91kg N S Ptelecl.

	

AMEC-JH A ^\T1:R 13 a
1/6/2014 190 PM Grab SS-D-30-33 H2O2 Pets 92 onto N S it x Lamed ny

	

H:I IK

	

P? I:

	

PM

1/6/7014 160 PM Grab SH-63633 Fe Pets 46 91ko N S x it ............................................ 1 3 `1

1/6/2014 1410 PM Grab BB-D-3043 Fe Pet, 92 OKI N S x x 3 T
1/6/2014 190 PM Grab SB•630J3 Penn 23 91149 N S x x 13

1/6/2014 190 PM Grab SB-MZ4-27 Co lrol N S x

_

x . 1 3 3

1/6/7011 100 PM Grab S8-A-44-77 AR Pen 67.5 09 N S it x 13^
1/6/2014 1:00 PM Grab STSA-24-47AIk Acre 17S N S x it 131

ash .+• .,` By. Da4/Tfine Relinquished Br Oete/Tlme "Mae1x
s-sn9

^^ /^

I14ant 6e
Wame

^•/ • !

	

L GW-Groundwm.
.

	

Ur Datc/Ttme Received by. Date/Time 6WdarMce Water
W W-Wreewaler

v-4 ,-I K.

	

+!7( l 04

	

1533

ti

I Irons Remediation Testing & Technolo g ies. L1.C

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

Company Nacre; Uinta Rated tanm TeatloS

	

Techtmlgors Sendsamoksta Iae6reelr the**

Prefetl [asWCk tr.

	

Wenzel Addrem- 26D E Lirrcoln St Urns Reaeedlnl1onToning k Tech

200 Ii lincoln Slrcel

Mount Horeb, WI33572

111605-157.7417

Ice Present

	

Yes No

ipk CeaNrterCity/Slate/Ztp Mount Horeb, WI 53522 Telephone; 6®197.7419

Prefect Name: AMFx-JIIBaxter

Ynii ct Number: NA

Prefect Locations NA

Sempted try: ADW

Preservation'
ePrarllratlel
A-Nmre
R.HcL Ot
D.14N

HNO3
R-NaOH
P-Med,agl
O.Oaw

Matt Sample Colkctfm Mental [ecumenic !

ys

t••Collection Crab/ 9mple In
[kxcnpllae

Fayd
Y/N

l.Rb iDl
Date Turin Comp FIII In Spans with BottlmperTen

I/6/2014 1130 PM Gmb 8&,424-27 FI2O2 Pori t17.ti Vac N 5 x 41114 0
1/6/2014 1^0 PM Gab SB-M2427 M2O2 Pet 770 onto N 5 x i4r

1/6/2014 100 PM Grab SR-A44.27 Fe Pm 87.6 Ogg N S x x 1 4'

1/6/2014 IRO PM Grab SS-A-24-27 FeP>^17501st N 5 z x i 4

1/6/2014 IAOPM Grab ,$B-A-24.27Penr 235rtrg N S x n --

-
Br: Dalr/Tboe Relzgnhhed IAI e/Time *Ninths

S-Sall
S1aaudge
hlndre mast
GW^heond ester

Received by: Dale, 7lnr Received bas nne/Tmre SWSrareNLeer
WW-Wastewater

[ irsus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WJ 53572 (608)-437-7413
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200 E Lincoln Street
Mount Horeb, WI 53572

(608) 437-74130
n

0
e
0

	

APPENDIX B - CT Laboratory Analytical Report
Round 1 Data Set 2

0
0
0
0
0

0
u
C
0
C
u

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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200 E Lincoln Street
Mount Horeb, WI 53572

(608) 437-7413

(T LABORATORIES
CT Laboratarles LLC 1230 Langn CI ♦ Saraboo. WI 53913

668-356-2760 • ww w.ctlaboratories.com

ANALYTICAL REPORT

URSUS REMEDIATION TESTING & TE

ANDREW WENZEL

1412 MANOR DRIVE

MOUNT HOREB, WI 53572

Project Name: AMEC - JH BAXTER

Project Phase:

Contract 0: 2089

Project*

Folder f f-_

Purchase Order #:

Pagel of8

Arrival Temperature See COC

Report Date: 3114/2014

Date Received: 21282014

Reprint Date:

	

3/14/201 4

CT LAB Sample: 427284 Sample Description: SE-D-30-33 CONTROL Sampled: �28120141300

Analyte LODResult Units LOo Dilution

	

Qualifier Prep
Datelnme

Analysis Analyst

	

Method
DatelTlme

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

Penlachlorophencl

49.5

	

%

13000

	

mg/kg 710

	

2300

	

10

10130 9.7 32

30/2014 10:10 MOS EPA B000C

Y,M 31512014 11:00 311012014 18:23 JJY EPA8015C

31512014 08:30 3/712014 17:34 RPN EPA 62700

CT LAB Sample. 427285 Sample Description: S8-D-3D-33 ALit PERS 69

	

Sampled: 2/262014 1300

LogResult Units LooAnalyse Dilution

	

Qualifier Prep
DateITtme

Analysis Analyst

	

Method
Date/Time

Inorganic Results

Solids. Percent 63.6

	

% 0.1

	

0.1

Organic Results

Diesel Range Organics

	

9700

	

rngr kg

Pentachloruphencl

	

4.6

	

mgrkg

570

	

1900

3.7 '

	

12

1 3(312014 1010 MDS EPA B000C

10 3151201411:00 3(1012014 17:44 JJY EPA 80150

5 3/512014 D8:30 3!1012014 17:14 RPN EPA 82700

Unless specifI ally staled to the contrary, soli -sediment/sludge sample results reported on a Dry Weight Basis

. incdi3tiOn Tctlini• .t`

	

1C
200 E Lincoln Street, Mount Horeb, Wi 53572 (60S)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
3H Baxter - Arlington, WA

tT LOBORIITORIES URSUS REMEDIAT1cN TESTING 8 TE
Project Name AMEC - JH BAXTER
Prgect#
Prompt Phene-.

Contract* 2039
Polder V. 102830
Pogo 2of8

1 C7 LAB Sample* 427288 Sample Descnpiian: SB-D30-33 ALK PERS 11S

	

Sarmled 212820141300

Prep
DatelTime

Analysis Analyst

	

Method
DatefTima

LOO Dilution

	

QualifierResult units LODAnalyse

Inorganic Results

Solids, Percent 828

	

% 0.1

	

0,1

	

1 3/312014 IQ10 MDS EPA 80000

Organic Results

Diesel Range Organics 13000

	

mglkg

	

570

	

1900

	

10 31512014 11:00

	

311012014 18:12 JJY EPA 80150

troika 3.8 513

Qualifiers appryirg to all Ar,e lroes of Method EPA 8270D: V

Penlachlorophenol

	

13.8 3151201408:30

	

3110/2014 17:31 RPN EPA82700

[CT LAB Sampler: 427287 Sample Description: 5B-D30-33 H202 PERS e9

	

Sarrp led: 21282014 1300

Prep
DatelTime

Analysis Analyst

	

Method
DateRime

LOD Dilution

	

QualifierResult Units LOGAnalyte

530

	

1700

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

58.5

	

%

11000

	

mglhg

3132014 1010 MDS EPA 8000C

3151201411.00

	

311012014 18:39 JJY EPA 80150

Pentachhtophenol

	

51

	

14

	

47

	

20

	

31512014 08:30

	

3172014 17752 RPN EPA 82700

CT LAB Sample*. 427288 Sample Description: SS-D-30. 33 H202 PERS 115

	

Sampled: 712820141300

Prep
DatefTlme

Analysis Analyst

	

Method
Date/Tlme

LOO Dilution

	

QualifierResult Units LodAnalyte

Inorganic Results

Solids, Percent 89.8

	

% 31312014 1010 MDS EPA 80000

Unless specifically stated to the contrary, soidsedimentlsludge sample results reported on a Dry Weight Basis

1lrsus Remediation Testing & Technologies, LLC

Page 39 of 58200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LflRORfl TORI{5
URSUS REMEDIATION TESTING 5 TE

Protect Name' AMC - JH BAXTER

°rq«t -

P refect Pease'

Contract4 2089

Folder #. (02830

Page 3 at 8

CT LAB Sa nOeN: 427288 Sanok Description: 5E. D-30-33 H202 PORE 115 Sar e4ed. 212812014 1300

Analyte Prep
DatelTIme

Analysis Analyst

	

Method
DateiTime

LODResult Units LOQ Dilution

	

Qualifier

Organic Results

Diesel Range Organics 5200

	

mgrkg 520

	

1700

	

10 3151201411:00

	

3/1012014 1905 JJY EPA 8015C

Pentachloropherml

	

27

	

mgikg

	

14

	

46

	

20

	

31512014 08:30

	

302014 18.10 RPN EPA 8270D

CT LAB Samplek 427289 Sample Descriptor-17 SB-D-30-33 FE PERS 89

	

Stop led: 2128120141300

Prep
Datemime

Analysis Analyst

	

Method
DaleiTime

LODResult Units LOO Dilution

	

QualifierAnalyse

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics 8200

	

mglkg 520

	

1700

	

10

3(312014 10:10 MDS EPA 8000C

315/2014 11:00

	

3110/2014 1933 JJY EPA 80150

Pentachbrophenol

	

83

	

mgA9

	

7.0

	

23

	

10

	

315/2014 08:30

	

317/2014 18:28 RPN EPA 5270D

CT LAB Sample* 427290 Sample Description: SB-D-30-33 FE PERS 115

	

Sampled: 2282014 1300

Prep
DatelTime

Analysis Analyst

	

Method
DatelTime

LODResult Units LoaAhalyte Dilution

	

Qualifier

Inorganic Results

Solids, Percent 69.3

	

% 01

	

0.1

	

1 3312014 10.10 MDS EPA BOOOC

3151201411:00

Organic Results

Diesel Range Organics 5000

	

mglkg

	

520

	

1700

	

10 311112014 1441 JJY EPA 8015C

Pentachlomphenoh

	

30

	

rnglkg

	

3.4

	

11

	

5

	

3151201496:30

	

31712014 18:45 RPN EPA 82700

Unless specifically slated to the contrary, soillsedimerrtlsludge sample results reported on a Dry Weight Basis

I Irsils Renlediation Testing & Technologies. LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
3H Baxter - Arlington, WA

tT HIBORflTORIES URSUS REMEDIATION TESTING & TE
Project Name AMEC - JH BAXTER
Project it-
Project Phase.

Contract It 2069
Folder*. 102830
Page 4of8

CT LAB Sample* 127281 Sdmnle Description: SR-D-30-33 PERM 69

	

Sarnctsd 228120141300

Prep
Dater Ime

Analysis Analyst

	

Method
Datelrime

LOD Dilution

	

QualifierResult Units LOQAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

65A

	

%

6400

	

nglkg

0.1

	

0.1

550

	

1800

	

10

31312014 10:10 MDS EPA 8000C

31552014 11:03

	

31112014 15:08 JJY EPA 5015C

Pentachlorophonol

	

31

	

7.4

	

25

	

10

	

3151201408:30

	

31712014 15.03 RPN EPA82700

{ CT LAB Sample/: 42r,dy2 Sample Description: SB-A-24-27 CONTROL

	

Sampled 2128!,20141300

Prep
Date/Time

Analysis Analyst

	

Method
DateRime

LOD Dilution

	

QualifierResult Units LOOAnalyte

480

	

1800

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

74.2

	

%

3400

	

t>gArg

31312014 1010 MDS EPA 80000

3151201411:00

	

311112014 15:35 JJY EPA 8015C

Penthchlorophencl

	

31

	

s

	

6.4

	

21

	

10

	

3152014 08:30

	

31712014 1421 RPN EPA 82700

CT LAB Sample: 427283 Sample Description: SB-A-24-27 ALK PERS 175

	

Sampled 212512014 1300

Prep
Dated' Time

Analysis Analyst

	

Method
DaterTime

LOD Dilution

	

QualifierResult Units LOOAnalyte

Inorganic Results

Solids, Percent 62.6

	

It 0.1

	

0.1

	

1 31312014 1010 MDS EPA 8000C

Organic Results

Union specifically sued to the contrary, soit/sedimentsludge sample results reported on a Dry Weight Basis

E Irsus Remediaticm Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, W153572 (608)437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LABORATORIE
URSUS REMED1ATION TESTING & TE
Protect NanW AMEC - JH BAXTER
Protect tt
Protect Phase .

Contrast* 2099
Feller* 102830
Page 5 o18

CT LAB Sampletr: 427293 Samdk DeacnpL'nn: SB-A-23 .27 ALK PERS 175

	

Sar Bled. 21213120141300

Prep
Date/Time

Analysis Analyst

	

Method
Date/Tim e

LOD Dilution

	

QualifierResult Units LOOAnalyte

Diesel Range Organics

	

3400

	

mglkg

	

570

	

1000

	

10

	

3151201411:00

	

3111/2014 18:01 JJY EPA 80150

3.8 13 5

Qualifiers appiyingto all Arialytee of Method EPA 8270Q V

Pentachlorophenol

	

r3.8

	

mglkg 315/2014 08:30

	

3/1012014 17:48 RPN EPA 82700

l
CT LAB Sampled. 427294 Sample Description: SR-A-24-27 ALK PERS 350

	

Sampled: 2/2812014 1300

Prep
DatelTime

Analysis Analyst

	

Method
DatelTime

LOD Dilution

	

QualifierResult Units LOGAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

50.4

	

%

4700

	

mpg

	

700

	

2300

	

10

31312014 1010 MDS EPA 8000C

33151201411:00

	

3/1112014 16:55 JJY EPA 80150

m91kg 4.7 16 5

Qualifiers applying to all Analytes of Method EPA 270D: V

PenmcMorophanol

	

4 .7 31512014 0030

	

311012014 1B : 08 RPN EPA 8270D

CT LAB Sampled: 427295 Sample Descriptor: SD-A-24-27 H202 PERS 175

	

Sampled: 2(2812014 1300

Prep
DatelTime

Analysis Analyst

	

Method
Date/TIme

LOD Dilution

	

QualifierResult Units LOQAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

74.0

	

%

2700

	

mglkg

	

480

	

1900

	

10

3/312014 1010 MDS EPA 80000

3151201411:00

	

31111'2014 17:22 JJY EPA8015C

Unless specifically stated 1o the contrary, soiVsedimantlsludge sample results reported on a Dry Weight Basis

Page 42 of 58
1 Jrsus Reroediation Testi0Eu & Technolouies. lL.C

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T LABORATORIES
URSUS REMEDIATiONTESTING a TE
Project Name AMEC - JH BAXTER
Protect #
Protect Phase .

Commit 2009
Fatter it 102E30
Page 6of8

CT LAB Sarnpls6: 427295 Sample Descnption: 5B-A-24-27 H202 PERS 175

	

Sampled 2128120141300

Pentachlorophenol

	

7.3

	

32

	

11

	

5

	

315/2014 08:30

	

3/712014 2414 RPN EPA 82700

CT LAB Sampler 427296 Sample Description: SB-A-24-27 H202 PERS 350

	

Sampled 212 812 01 4 1300

LOQ

	

Dilution

	

Qualifier Prep
Date/Time

Analysis Analyst

	

Method
DatelTime

LODResult UnitsAnalyse

Prep
DatelTime

Analysis Analyst

	

Method
DatelTime

LOD Dilution

	

Qua !SherResult Units LOQAnal yte

250

	

830

	

5

Inorganic Results

Solids. Percent

Organic Results

Diesel Range Orgasms

70.2

	

It

3100

	

rnglkg

3/312014 10:10 MDS EPA 8000C

31512014 11:00

	

3!1112014 17:48 JJY EPA 80150

Pentachblophenel

	

7.4

	

1.4

	

4.6

	

2

	

31512014 08:30

	

3/7/2014 20:32 RPN EPA 82706

CT LAB Sampleit 427297 Sample Description: SB-A-24-27 FE PERS 175

	

Sampled 2128120141300

Prep
Datelrlme

Analysis Analyst

	

Method
DatelTime

LODResult Units LOQ Dilution

	

QualifierAnalyse

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

Pentachkaophenol

73.7

	

It

2600

	

mgrkg

	

490

	

1600

	

10

B-6

	

rngrkg

	

1.3

	

4.3

	

2

31312014 1610 MDS EPA 80000

	

351201411:00

	

311112014 18:15 JJY EPA 80150

	

31512014 0 8.30

	

31712014 2649 RPN EPA 8270D

Unless specifically staled to the contrary. soillsedimmntlsludge sample results reported on a Dry Weight Basis

tarsus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T LII BORflTORIES
URSUS REMEDIA7ION TESTING E TE

Project Name. AMEL - JH BAXTER

Protest P
°rctect Phase:

Contract B 208e

ender A- 102830

Page 7 of 8

CT LAB Samd&l: 427298 Sarroh Descnplion. S B- A-24.27 FE PENS 350

	

SammJett 2/28120141300

Prep
DatelTlme

Analysis Analyst

	

Method
Dateline

LODResult UnitsAnatyte LOG Dilution

	

Qualifier

250

	

810

	

5

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

72.3

	

%

2800

	

mgllcg

3511014 10:10 MDS EPA 8000C

31512014 11 :03

	

311172014 18:42 JJY EPA 80150

Pentachiorophenol

	

11

	

mg/kg

	

1.3

	

4.4

	

2

	

315/20140830

	

31712014 21:07 RP NI EPA82700

CT LAB Sample: 427299 Sample Description: SB-A-24-27 PERM 87.6

Prep
DaterTlme

Analysis Analyst

	

Method
DatefTime

LODResult

Sampled: 212812014 1300

2800

	

mgrkg

	

490

	

1600

	

10

Units LOGAnalyse Dilution

	

Qualifier

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

Qualilers applying to all Analytes of Method EPA 82700: V

Pentachlofuphanel

	

a33

	

mgAcg

	

3.3

	

11

	

5

Unless specifically slated to the contrary, soil/sediment/sludge sample resulls reported on a Dry Weight Basis

irsus Rernediation Testin g & Technolo gies. l_I.C

31212014 10:10 MDS EPA 80000

3151201411W

	

3/11/2014 1909 JJY EPA5015C

3152014 08:30

	

3/1012014 18:23 RPN EPA 8270D

73.2

	

%

Page 44 of 58200 E Lincoln Street, Mount Horeb, Wi 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LflBORflTORI{S
URSUS REMEDIATION TESTING & TE
Project Name: AMEC- JH BAXTER
Project E:
Project Phase.

Contract 2089
Folder#: 1(Q530
Page 8 of 8

Notes: Indicates Value in between the LOD Omit of detection) and the LOG Okra quantitahon).

All samples were received intact and property preserved unless otherwise noted. The results reported relate only to the samples tested. This report cha p not be
reproduced, except in full, without written approval of this laboratory. The Chair of Custody is attached.

QC Qualifiers

Code Description Current CT Laboratories Certifications
B Analyte detected in the

	

elated Method Blank. Illinois NELAP ID# 002413
C Toxicity present in BOD sample. Kansas NELAP ID# E-10368
D Diluted Out. Kentucky IN 0023
E Safe, No Total Colilorm detected. Pennsylvania NELAP ID# 68-04201
F Unsafe, Total Collform detected, no E. Coll detected.

New Jersey NELAP ID# WI001
6
H

Unsafe, Total Califon detected and P. Cali detected.
Holding time exceeded. North Carotins ID# 674

J Estimated value. Wisconsin 1VtlDNR} Chemistry ID# 157066030

L Significant peaks were detected outside the chromatographic window. Wisconsin (DATCP) Bacteriology IN 105-289
M Matrix spike andfor Matrix Spike Duplicate recovery outside acceptance limits. DoD-ELAP A2LA Cart # 3317.013
N Insufficient 900 oxygen depletion Alaska ID If UST-099
0 Complete BOO oxygen depletion. Louisiana ID # 115843
P Concentration of analyze differs more than 40% between primary and confirmation analysis.

Virginia ID# 460203
O Laboratory Control Sample outside acceptance limits.

ISO/I EC 17025-2005 A2LA Cert # 3317.01R
S

See Narrative at end of report
Surrogate standard recovery outside acceptance limits due to apparent matrix effects. GA EPD Stipulation ID 115843, Expires Annually

T Sample received with Improper preservation or temperature.
U Analyte concentration was below detection limit.
V Raised Qua ntitation or Reporting Limit due to limited sample amount or dilution for matrix background interference
W Sample amount received was below program minimum.
X Analyte exceeded calibration range.
Y ReplicatoDuplicete precision outside acceptance limits.
Z Specified calibration criteria was not met.

t lrsus Remediation Testing & Technologies, LLC

Submitted try' Pat M. Letterer
Protect Manager
608.358.2760

200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413
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AMEC Environment & Infrastructure

October 28, 2014

JET Baxter - Arlington, WA

.75
Chain of Custody Page	 )	 of a

Cnmpmty Hemel Dross Nemrdiatinn'Iesting k Technale es Send Samples fro La6anmrlr Um Only

Address 200E Lincoln St Ursus Remediatton Testing k Tech ke Present Yea

	

NoPilled commit . Andy Wenzel

City /Sate/ Zip Mount Horeb, W153572 Telephone608-437-7413 2W E Lincoln Street 3etnoleCe4dtiorw

Mount Horeb, WI 53572 elProject Name. AMEC- JH Beeler

[holed Number. NA PH 608.437-7413

Project Location. NA •^{°•°'•"'"'"'°°"""""""°" 	 1 ^7

sampled ADW Fokt^v e.

	

I0283I)
^j

	

` ^{
1 L J2 D M i4 3:30

Preservation`
Cntnpanr T.RSL'S REMED]ATKIN

	

1
!t
AsNons
B:FICL

D.HNl33

PnMethnrol
O.Other

Client Sample Collection Melba Cosmmla: Prceliml

Logged

AMEC

By:

	

r..
... ............................

- A-I BAN

PM

rkik

I'M

I

...............
j

2
Collectico Grab/ Sample ID

Deteriprian
ilt'd

Y/N

F Lab ID 8
Date Time Come FiB in Sakes wilh 3otttes per rest

2/28/2114 1:00 PM Grab SB^3Q-33 CortbDl N 5 x x t ^ 4,(.>Y

2/23/2014 1:00 PM Gob 3B^3R-3a AOt Pgtf 69 Qlko N 5 z z ^,`ZS
2/28/2014 1:00 PM Grab 5B-IY30.33 PAt P9R 1151 kp N 5 z z

- _

4.2-1

	

j(p
_ 2/28/2014 IMO PIN Grab

	

_ SB-D30.33 H2O2 Pert BO0M0 N 5 s z -^ '̂ ' j'r
2/23/2014 1^0 PM Grab 36-0.30-33 H2O2 Pen 1/501kg N 5 x x

Q ^4als?rO
2/23/20[4 1 1:00 PM Grab S&113a33 Fe Pere 600prp N S x x 411 Zg 3

2/23/2014 1:00 PM _Cnb Sg.p-30-33 Fa Pena 113 glkg N S x x 41.1 2-m
2/28/2814 Imo pM Grab S&17^1Y33 Pemt g0 OIkO N 5 x x

J

4
..
277 2^i j

2/43/2014_

	

too PM Grab SB-,4-24-27 COnbvl N S x x 'TL. 1 MI.

2/28/2014 1700 PM Grab 3B-A-24-27 Nb Pets 175 glkg N 5 x x n ^

2/20/2014 1:00 FM Grsb SB-A-D47/ AIk Pm 350 3.1 N 5 z x
-

^ I
A-4f M L^

Rzcy,d

12-844-.Z

^j
/a

7^
/ si/-7

Relinquished Daec lime s-Soll

Slg

	

e
Llndet West,
ryV-Groondmoer

^iad•rd by
:

Date/Time Received by:

+LI(

Dote/Time

212544 4;03

SWSniace Waler
WW-Wod rooter

Irslls Rcmediatinn Testin g 8i Technolo gies_ f.1.C'

'1

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413

	

Page 46 of 58



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

Company Name: Urvtx RemcdIMI . Turing & Torbrunlwxs Send Samples In L,tbemery tMt GMI

Unto RoatediatIon Testing te Tech

2056.1Anroln STeri

Meant Hawn W153572

PI t 606437-7413

lee Ftwssat

	

Yn

	

N.

Earre (1m/btsm.

PmlectContact Andy Wessel Address, 250 F. Lincoln St

Cilypeata/rip Mmsnl Horeb, WI 53372 'relrpher : 600-7.57-74]3

Protect Name: AMEC • JH Baxter

Protect Number. NA

Pealed Lannon NA

Sampled By: ADW

Preservation*
•Ihwsn
A•Nmse
thF10.

D=HNC1l
E.NsOH
PMenand
O-Odw

alert trample Cannon Method Camnentn

IG

a

r-

	

CofMcitm Grab/ SsmpklD
Deacripdan

F11Cd
YIN

LabIDt

Dale

	

'Time Comp PM In Spaces wrtth Battler merest

2/2617011 1:05PM Grab 8Bab24-27H202Pert 175 onto N S x ,^

7/73/2014 I:WPM Crab S8•-24.27 H202 Pent 350 ykp N _ 5 x x T21 rrnf+

2/28/2014 I:00l'M tab 65.0.27.27 Fe Pets 175 05to N S x x 4217.0'1
2/28/2014 160 FM Grab 56I42M27 Fe Pass 350 5Acp N S x x Q- ^Z Z '" i')
2/28/7014 HO PM Grab 511-A-21-27 Perm B76 09 N S x x

^ 7

	

.
'-T^-

0
Deer!

r ^e--,

	

)

Relinquished By: Dakfn(M rLa.s.b
S-SMI
e

	

ludst4bd
GW.Cmundwarer

Received bye

	

Y are/7Bae Recdvea ly:

ICY

^naly/Tltne

Z^2$[L4- 4,V3

111y Sttrlaawakr
WW-Wa.t rater

limns Remi:iatton Testing & Technologies, LI.C

200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413
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200 E Lincoln Street
Mount Horeb, WI 53572

(608) 437-7413

APPENDIX C - CT Laboratory Analytical Report
Round 2 Data Set 1

200 E Lincoln Street, Mount Horeb, W153572 (608)-437-7413



200 E Lincoln Street
Mount Horeb, WI 53572

(608) 437-7413

LOD

(T LABORATORIES CT Laboratories LLC • 1230 Lange C! . Baraboo. W 15391 3

605 . 856-2760. ww w.ctlabaratorles.com

ANALYTICAL REPORT

URSUS REMEDIATION TESTING & TE Project Name, AMEC-JH BAXTER Page 1 of 8

ANDREW WENZEL Project Phase. Arrival Temperature: See COC
1412 MANOR DRIVE Contract #. 2069 Report Date- 0910912014
MOUNT HOREB. WI 53572 Project tk Date Received: 08M4/2014

Folder if 106184 Repent Date:

	

0910912014

Purchase Order if

CT LAB Sample. 488374 Sample Description: SB-D.30-33 CONTROL

	

Sampled: 0511412014 1300

Analyte Result Units

Inorganic Results

Solids, Percent 70.5

	

%

Organic Results

Diesel Range Organics 12000

	

mgrkg

Pemach orophenel 18 mgrkg

LOQ Dilution

400

	

1400

	

10

1.2 203.7

Qualifier Prep
Date(Tlme

Analysis

	

Analyst

	

Method
baterrime

08/1412014

	

1450

	

ABS

	

EPA 80000

M

	

081141201413:30

	

08/1812014

	

11:17

	

SRT

	

EPA B015C

M 08114!201413:30

	

0812112014

	

11,47

	

RPN

	

EPA B270D

CT LAB Sample. 488375 Sample Descnpron: 5&D-30-33 CONTROL-DUP

	

Sampled: 0811 41201 4 1300

Analyte Result Units LOD LOQ Dilution Qualifier Prep
Date/Nme

Analysis
Date/Tlme

Analyst Method

Inorganic Results

Solids. Percent

Organic Results

71.4 46 0.1 0.1 0811412014 14:50 ABS EPA 8000C

Penlachlorophencl 22 mgrkg 1.2 3.7 20 08114/101413.30 0812112014 1207 RPN EPA 8270D

Unless specri alty stated to the contrary, soilfsediment1sludge sample results reported one Dry Weight Basis

!t ion -I
200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T LABORATORIES
UR5US REMEDIATPONTESTING BTE

Protect Name AMEC-Jl BAXTER

Praiect *

Prulscr Phesn -

Centred 6- 2069

Falderer 106184

Page 2 d8

CT LAS Sampl&t: 488376 Sample Description: S&D30.33 ALK PERS 6G/KG

	

Sampled 06114120141300

Prep
DeterTime

Analysis Analyst

	

Method
Daterrlme

LOD Dilution

	

QualifierLOQUnitsResultAnalyte

Inorganic Results

Solids, Percent

Organic Results
Diesel Range Organics

73.4

	

%

14000

	

mg4rg

0.1

	

01

380

	

1300

	

10

061142014 14:50 ABS EPA 80000

081!4201413:30 0611 6/2014 1233 SRT EPA 60150

Pentachlorophenol

	

26

	

rkO

	

0.28

	

0.89

	

S

	

08/14/201413:30

	

0812112014 1227 RPN EPA 82700

CT LAB Sample*. 488377 Sample Description: SB-D-30-33

	

ALK PERS 8G/KG-OUP

	

Sampled: 06114/2014 1300

Prep
DateITlme

Analysis Analyst

	

Method
DatefTime

Loo Dilution

	

QualifierResult Units LOQAnalyte

Inorganic Results

Solids, Percent 73.8

	

% 08114/2014 14:50 ABS EPA 80000

Organic Results
Pentachloraphenol 08114/201 4 13:30 08/21/2014 1247 RPN EPA 82701)50.29 0.9026

CT LAB Sanploe` 488378 Sample Description: SB-D-30-33

	

ALK PERS 16G1KG

	

Sampled: 08114120141300

Prep
Dater ime

Analysis Analyst

	

Method
Datdrime

LOD Dilution

	

QualifierLOQUnitsResultAnalyte

Inorganic Results
Solids, Percent 73,6

	

% 0.1

	

0.1

	

1 08/14/2014 14:50 ABS EPA BOOOC

Organic Results
Diesel Range Organics 14000

	

mg/k9

	

380

	

1300

	

10 08/141201413:30 06118/2114 1258 SRT EPA 8015C

Unless spec4icaly slated to the contrary, soiVsedimenn8sludge sample results reported on a Dry Weight Basis

1 Irstls Remediation Testing & Technologies, LI.C
Page 50 of 58200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413



AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

(T LABORflTORIE
URSUS REMEDIATrGN TESTING & TE

Protect Name: AMEC-Jl l BAXTER

Project #

Project Pieee'

Contract# 2098

Folder # 109184

Page 3 of 8

CT LAB Sampln#: 483375 Sample Descnption

	

313.1

	

ALK PERS 18G1f(G

	

Samp led. OBI' 412014 1 300

Pentachbmphenol

	

20

	

mg/kg

	

0.28

	

c_an

	

08/1412014 13:30

	

0812112014 13:07 RPN EPA 8270D

CT LAB Sampled: 488379 Sample Description: SB-D-30-33

	

ALK PERS 16G1KG-DUP

	

Sampled: 0611 412014 1 300

Prep
DatefTime

Analysis Analyst

	

Method
DatefTIm e

LODResult Units LOOAnatyte Dilution

	

Qualifier

Prep
DatelTime

Analysis Analyst

	

Method
Date/Time

LODResult Units LOOAnalyze Dilution

	

Qualifier

Inorganic Results

Solids, Percent 74.0

	

96 0811412014 14:50 ABS EPA 80000

CT LAB Sample: 486360 Sample Description SB-D-30-33

	

ALK PERS 23GlKG

	

Sampled, 0811 412014 1300

Organic Results

Penmchbropheno€ 081141201413:30 0812112014 13:26 RPN EPA 6270050.26 0.896.2 rrglkg

Prep
Date/Time

Analysis Analyst

	

Method
Date/Time

LODResult Units LOQ Dilution

	

QualifierAnalyze

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

75.4

	

%

15000

	

mglkg

0.1

	

0.1

	

1

370

	

1300

	

10

08114/2014 14:50 ABS EPA 80000

0811 41201 4 13;30 08/18/2014 13:23 SRT EPA8015C

Pentachlorophenol

	

9.0

	

rn9lkg

	

0.28

	

0.88

	

0871 412014 13:30

	

0811112014 13:46 RPN EPA82700

CT LAB Sample# 488361 Sample Description S8-D-30-33

	

ALK PERS 23G/KG-OUP

	

Sampled: 0811 42 014 1 300

Prep
Date/Tlme

Analysis Analyst

	

Method
DaterTlme

LODResult units Loa Dilution

	

QualifierAnalyze

Unless specifically stated to the contrary, soilsedinentlsludge sample results reported on a Dry Weight Basis

cusRemediati^n Testinc K Cec4ln^lc es. I I
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AMEC Environment & Infrastructure
October 28, 2014
Hi Baxter - Arlington, WA

CT LA60RATORIES
f^, nf+n,,.^ n. „t- 4L,,

	

vn:.,

URSUS REMEDATIONTESTING & TE
Protect Mare' AMECJH BAITER
Project 8
Protect Phase

Contract* 2088
Folder #' 108184
Page as 8

CT LAS Sample*: 488381 Sample Descnpaon: SB-D-30.33

	

ALK PERS 230lIMG•DUP Semaledt 0611412014 1300

Analyte LOQ

	

Dilution

	

Qualifier Prep
Data/Time

Analysis Analyst

	

Method
DatelTime

LODResult Units

Inorganic Results

Solids, Percent 75.9

	

% 08!1412014 14'.50 A BS EPA 80000

CT LAB Sample* 488382 Sample Description: SR-A-24-27 CONTROL

	

Sampled: 08114120141300

Organic Results

Pentachbmphenol 08114120141330 0812112014 14:06 RPN EPA 8270050.28 0.875.3

Prep
Oaten I me

Analysis Analyst

	

Method
Date/Time

Analyte Result Units LOD LOQ Dilution

	

Qualifier

350

	

1200

	

10

Inorganic Results

Salda, Percent

Organic Results

Diesel Range Organics

80.1

	

It

10000

	

ngllcg

08/14/2014 14:50 ASS EPA 80000

08114)201413:30 0811812714 1248 SRT EPA 80150

Penlchlorophenol

	

19

	

k0

	

10

	

3.3

	

20

	

08!14)201413:30 0812112014 14:28 RPN EPA 8270D

1 CT LAB Sampler: 488383 Sample Description: SB-A•24.27 CONTROL-DUP

	

Sa rrplad: 0811 41201 4 1300

Analysis Analyst

	

MethodPrep
Date/time Dater Rma

LOD Dilution

	

QualifierResult Units LOOAnalyte

Inorganic Results

Solids, Percent

Organic Results

Perrtachlorophenol

80.7

	

It

9.9

	

rrglkg

	

1.0

	

3.2

	

20

08/1412014 14:50 ABS EPA 80000

08114/2014 13:30 0812112014 14:40 RPN EPA 82700

Unless speciloally stated to Me contrary, srnpsedirren7sludge sample resins reported on a Dry Weight Basis

I Irsus Remediation Testing & Technologies, LLC
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AMEC Environment & Infrastructure
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JH Baxter - Arlington, WA

tT LII BORATORIE
URSUS REMEDIATION TESTING d. TE

Protect Name- AMEC-JH BAXTER

Project tt

Project Prase'

Contract # 2089

Felder 9-106184

Page 5 orb

CT LAB Samples. 488384 Sarrele Descnphnn_ SB-A-24 .27 ALK PERS FG!KG Sampled, 0971412014 1300

Analyte Prep
Date/Time

Analysis Analyst

	

Method
DatelTIm e

LODResult Units LOO Dilution

	

QuallAer

340

	

1200

	

10

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics

81.1

	

%

9800

	

mg/kg

0811412014 14:50 ABS EPA 6000C

08114/2014 13:30 0811812014 14:14 SRT EPA 8015C

Pentachbrophenol

	

7.4

	

ntglkg

	

0.26

	

0.81

	

5

	

0811412014 13:30

	

08121(2014 1506 RPN EPA 8270D

CT LAB Sample* 488385 Sample Description: SBA-24-27

	

ALK PERS 8G/KG-CUP

	

Sampled 00!14!20141300

Prep
DateTlme

Analysis Analyst

	

Method
DateTlm e

LooResult Units LOQ Dilution

	

QualifierAnalyte

Inorganic Results

Solids, Percent 81.0

	

It 08114/2014 14:50 ABS EPA 8000C

Organic Results

Pentachlorophenol 081141201413:30 0812112014 15:26 RPN EPA 8270D50.28 0817.5 rng1IQ

CT LAB Sample((: 488386 Sample Description: SB-A-24-27

	

ALK PERS 18G/KG

	

Sampled: 08!14!20141300

Prep
Date/Time

Analysis Analyst

	

Method
DateTim e

LOAResult units Dilution

	

QualifierLOCIAnalyte

Inorganic Results

Solids. Percent

Organic Results

Diesel Range Organics

81.0

	

96

8900

	

molts

	

340

	

1200

	

10

0811412014 14:50 ABS EPA 8000C

0811412014 13:30 0811812014 15:30 SRT EPA 8015C

Unless specifically stated to the contrary, soilfaedimentlsludge sample results reported on a Dry Weight Basis

'rsus Remediation Testing & Technologies. l_Lt'
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JH Baxter - Arlington, WA

CT LASORflTORIES
URSUS REMEDIATION TESTING & TE
Project Name AMEC-JH BAXTER
Project dr

Project Prose'

Contract* 2099
Folder4 106184
Page 8 018

CT LAB Sample* 488388 Ssnlnle Deacnp8on: SB-A-24-27 Sampled 0811412014 1303

Analyte

ALK PERS 18GMG

Pentachlaophenol

	

6.2

	

0.26

	

0.80

	

5

	

08!141201413:30 0812112014 15:46 RPN EPA 82700

CT LAB Sampled: 488387 Sample Description: SB-A-24-27

	

ALK PERS 19GIKG-DUP

	

Sampled: 0811 42014 1 3W

Prep
DatelTlme

Analysis Analyst

	

Method
DatetTime

LOD Dilution

	

QualifierResult Units LOQAnalyte

Prep
DatelTIlne

Analysts Analyst

	

Method
Datefrlme

LOD Dilution

	

QualifierResult units LOQ

inorganic Results

Solids, Percent 79.9

	

36 0811412014 14:50 ABS EPA 80000

Organic Results

Pentachlorophenol 0811412014 13:30 081.212014 1632 RPN EPA 8270D50.26 0838.2 nglNg

CT LAB Sampledd: 488388 Sample Description: SB-A-24-27

	

ALK PERS 23G1KG

	

Sampled: 08114120141303

Prep
DatelTime

Analysis Analyst

	

Method
Dalefrime

Lon Dilution

	

Qua!MarResult Units LonAnalyte

Inorganic Results

Solids, Percent

Organic Results

Diesel Range Organics 11000

	

rr^kg 350

	

1200

	

10

081142014 14:50 ABS EPA 80000

08114201413:30 08118)2014 15:55 SRT EPA 80150

Pentachbmphenol

	

8.4

	

0.28

	

0.82

	

5

	

0811 412014 13'30 081212014 1B52 RPN EPA 8270D

CT LAB Sample*. 486389 Sample Descriptor: SS-A-24-27

	

ALK PERS 23G1KG-DUP Sampled 0811 42014 1300

Dilution

	

Qualifier Prep
Datefflme

Analysis Analyst

	

Method
Date7Tim e

LODResult Units LOQAnalyte

Unless specifically staled to Be contrary, soilsedinrentlsludge sample results reported on a Dry Weight Basis

[lrsus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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October 28, 2014
JH Baxter - Arlington, WA

tT IAB0Rfl TORII;S
URSUS REMEDIATION TESTING 8 TE
Protect Name. AMEC-JH RATER
Prolo 6-
P Rest Prose .

Contract It 2089
Polder # 106184
Page 7 of 8

CT LAB Sampek. 455359 Sanvle Description, SB-A-24-27

	

ALK PERS 23G/KG-DUP

	

Samp led, 08114/20141300

Analyze Result Unlts LOD 40Q Dllutoh

	

Qualifier Prep
DatelTime

Analysis

	

Analyst
DatelTlme

Method

Inorganic Results

Solids, Percent

Organic Results

80.3 % 0.1 0.1 1 08114/2014 14:50 ABS EPA 80000

Pentachkrophenol 7-7 rnglkg 0.28 0.82 5 08n 412014 13 30 081210014 17:12 RP NI EPA8270D

Unless specifically stated 1o the contrary, soiltsedirnent/sludge sample results reported on a Dry Weight Basis

l Irsus Remediation Testing & Technologies, l.LC

200 E Lincoln Street, Mount Horeb, Wi 53572 (608)-437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

CT LRBORATORIES
URSUS REMEDIATION TESTING 5T£
Prefect Name AMEC-JH BAXTER

PrRml*
Project Phase'

Contract # 2069
Folder A" 106184
Page 8 of S

Notes' ' Indicates Value in between the LOD Omit d mdeeabn) and the LOQ (Witt of quan4G4anl.

All samples were received intact and properly preserved unless otherwise noted. The resutls reported relate bitty to the samples tasted_ This report shah not be
reproduced, except in felt, without writer approvalvt this laboratory. The Chain d Custody is attached.

008-356-2760

QC Qualifiers

Code Description Current CT Laboratories Certifications
B Analyte detected in the associated Method Blank. Illinois NELAP IDS 002413
C Toxicity present in BOD sample. Kansas NELAP ID# E-10368
D Diluted Out. Kentucky IDS 0023
E Safe, No Total Conform detected. Pennsylvania NELAP IDS 68-04201
F Unsafe, Total Coliform detected, no E. Coll detected.
G Unsafe, Total Coliform detected and it. Cali detested.

New Jersey NELAP IDS WI001

H Holding time exceeded. North Carolina IDS 674

J Estimated value. Wisconsin (VUDNR) Chemistry ID# 157066030
L Significant pea kswere detected outside the chromatographic window. Wisconsin (DATCP) Bacteriology IDS 105-289
M Matrix spike author Matrix Spike Duplicate recovery outside acceptance limits. DoD-ELAP A2LA Cart ft 3317.013
N Insufficient BOO oxygen depletion. Alaska ID ft UST-099
0 Complete BOD oxygen depletion. Louisiana ID# 115843
P Concentration of analyte differs more than 40% between primary and confirmation analysis.
O Laboratory Control Sample outside acceptance limits.

Virginia IDS 460203

R See Narrative at end of report. ISOI1EC 17025-2005 A2LA Celt # 3317.01

S Surrogate standard recovery outside acceptance limits due to apparent matrix effects. GA EFD Stipulation ID 115643, Expires Annually

T Sample received with improper preservation or temperature.
U Analyte concentration was below detection lint it.
V Raised Ouantftation or Reporting Limn due to limited sample amount or dilution for matrix background Interference.
W Sample amount received was below program minimum.
X Analyte exceeded calibration range.
Y ReplicatelDuplicate precision outside acceptance limits.
Z Specified calibration criteria was not met.

I.3rsus Retnediatioti Testing & Technologies, LL.C

Submitted by

	

Pat M. Letterer
Protect Manager

200 E Lincoln Street, Mount Horeb, WI 53572 (608)437-7413
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AMEC Environment & Infrastructure
October 28, 2014
JH Baxter - Arlington, WA

Chain of Custody

_ ..-

	

- ipNarirr 1rsusRemediai1onTestinfi&Techmlgoe-- ._ .. -

	

--.

	

- ¢end8amelealm

Testing &

LebarstorrU-+pply

Tech Ice Pent No

Samplr Caad bass `7.3 4

Address: 3116E Lincoln SI Unus Remedialion

Sheet

WI 53572

Piled Contact: Andy Wenzel

Cfty/Siaie/Zip Mount Horeb. W153572 Takphonr.

-

608-437-7413 280 E Lincoln

Pn*cl Name: AMEC-1H Baxter Mama Horeb, l y ry
3V•

8114,11‘+ iQ4-5
fV

Protect Number. NA PH 608-437-7413

Protect Location:

_

NA

Sampled By; ADW

Preservation* I Folder n: . ,

.	

106184	
N " atsa.

H0.dent Sample Collection Method Cearmartn

Company: LRSUS REMEDIATION

Prcyect

	

M:

	

EC -.Tf BANTER

Logged B1

	

TI^12

	

PM

	

PM

s
C. I-12404
OnliNC 3
EeNaOH
P.Methanol0vs3th r

Collection Crab) Sample ID

Description
Filled
Y!N

, Lab ID II
Date Time Comp Fill in Spaces with Bottles per Test

0/14/2014 I:66 PM Grab SG-0-30-33 Central N S x x L1%n-14
B/14/21114 166 PM Grab SG D-30-33 Control - OUP

8/14/1014 168 PM Grab 58-D-3033 Alt Pees 0 glkg N 5 x a [^.5/j' --ito
8/14/701.1 1:08 PM Grab SB-D•30-33 Alt Pets 0 gdtg - OUP N 5 x 47'13-7 ']

8/14/2014 160 PM Cob 56-D-30-33 Alt Pets 16 Wks N 5 x x t^

	

^j g

8/14/2014 166 PM Grab $13-D-30-33 Ak Pets 16 ykg - OUP N 5 x C.} %16319

8/14/2014 166 PM Grab D-3633 ABC Plus 23 glkg N 5 x x 3 ^

8/14/2014 1116 PM Crab Sf}D-30-33 Air Pets 23 glkg • OUP

_

5 x Li

	

3 1

8/14/2014 160 PM Grab SG-A-24-27 Contra! N 5 r x q. 5x2-
8/14/2014 160 PM Grab 59-0.24-27 Control - IMP N S x f..^ '

	

va
j

8/14/

.

1601'M

..

Grab 69,!424.27 Ak Pen 8 glkg N 5 x n -

..

E _

Relinquished By. rnmf3lmr Mahe
/ 14nds

k ill 4061 3 c)- 141sdat watts
CW-;roundrealer

Received by D.k/'firm Received 65' I1m/T SWdoAare Waxer

ww.wasteweicr

Y iy]i+ 931'7

rsus Remediation T.	& Technologies. LIT'
200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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AMEC Environment & Infrastructure

October 28, 2014

JH Baxter - Arlington, WA

company Noma limas RonedI.NwrTotal &Tiddpsea ^-

Ulaus thnedtoJon Testate 6r Tech

300ELinmin5beet

Mama I lmeb, WI 53572

PH 606-437-7413

i.sbantrrr tWOrr

	

., ---

Address:

_

300E Uncoil Sl la Peewit

	

Yo

	

Nn

SamdecommaM

	

-I r-st3.
` ' ,1„ 4,'

5 ^-

	

/mo
5II'

T

	

t '

_

Prated Gallia: Andy Wankel

qty/Spde/ZIP Mount Horeb, WI 53572 Tekphooa

^

605-1377413

Pealed Name: AMEC-Ili Sewn

Project Number NA

Prated toted= NA

Sampled U3 ADW

Preservation*
I I

L

's^...a.o
A-Note
a-I.
c-t0sol
D-11NO3
E.NaOl1
P.Medawd
O-O6rr

CI IeM Sample Cnlledton Method Coiu

31

1

_ 1
couotdoo Grab/

coop
Sample ED

Dmolpllon

Pdt'd
v/N

lib f0 r

-

FO11n Spacer with Bahia pet TeStDolt rime

6/14 /2014 1D0PM Grab S&M24-27AllcPori 5plltC-OUP N s a
a^ r̂

	

oc
`^

tc11i 3sS
6/14/2014 100 PM Crab S@-A-24.27 Ask Pass 16 gimp N s ,c x e-}^73FicP

6/14/2014 1110 PM Grab 68-A2427 Pic Para 16 asp-OUP N s 4{u'j5V
11/14/2014 1do PM

I
LCob S1M24 2T Alt Pars 23 olio N 5 x x ^

H/14/ 21:F14 1100 PM

f
TGrab S&M24 27 /Ub Pets 23 plla • OUP N s

a
3^ +

pe..

	

.

	

, Dale aelamars ed By: Dale/Time -•M

s-saa

1-hxbl Wawa

- mamma Received by.

	

.. pale/'Iirse

^f1 r^

	

I3r7

sYVSaMre Wave
WYWWwlew+lee

l Irsus Remediation Testing & Technologies, LLC

200 E Lincoln Street, Mount Horeb, WI 53572 (608)-437-7413
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